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Knowledge of relationships between nutrient levels, yield, 
maturity, and environmental influences on alfalfa (Medicago sativa L.) 
are necessary to estimate when to h~rvest alfalfa to maximize quality 
and yield. Objectives were to document the change in nutrient content, 
yield, and growth stage of alfalfa grown in Utah as it matures and to 
develop a simple model to predict optimal harvest date . The study 
involved three locations in major alfalfa producing regions in Utah. 
Samples were collected from three commonly grown alfalfa varieties 
between 26 April and 26 September in 1987. Maximum and minimum levels 
of crude protein (CP) observed were 32.8% to 16.2%, acid detergent fiber 
(ADF) 39.4% to 14.0%, and dry matter (OM) 31.7% to 14.3%. Maximum yield 
of 7.0 Mg ha- 1 for a single harvest was observed. The growth stage and 
average yield in Mg ha- 1 for all varieties and harvests collected were: 
prebud 3.6; midbud 4.2; and late bud to early bloom 4.9. As alfalfa 
matured CP"/4 declined, ADF% increased, and OM% increased. Criteria used 
to estimate optimal harvest date was achieving not less than 20.0% CP, 
.. 
at least 29.0% ADF, but not more than 31.0% ADF. The estimated optimal 
harvest date was determined 63.3% of the time by not exceeding 31.0% 
ADF. Early to midbud were characteristic growth stages of the estimated 
optimal harvest date occurring 34.4% and 41.0% respectively. Midbud 
stage was characterized by elongation of the peduncle at second and 
third axillary bud positions. Accumulated growing degree hours (AGDH) 
were calculated using the ASYMCUR modeling concept. Height models were 
developed by averaging AGDH at 5 cm increments of shoot height. Models 
deve 1 oped from the Nephi site were used to predict data from other 
sites. These models made about 37% acceptable predictions ranging from 
0-100%. The general model made 23% acceptable predictions, variety 
models 47%, harvest models 43%, and 36% from specific data models. The 
general model, with a coefficient of variation (CV) of 14.6%, made fewer 
acceptable predictions than specific models having CV of 11.1% and 6.0%. 
Height mode 1 s generated using the ASYMCUR concept were inefficient in 
predicting growth of alfalfa. This may be due to inaccurate estimates 
of when regrowth began, inaccurate weather data, and a variety of 
temperature related stresses which reduces the growth rate of alfalfa 
per unit of growing degree hours. Development of stress factor in 
cosine equations, improved data collection, and additional model 
generation and testing, could reduce variability and increasing 




Alfalfa (Medicaqo sativa L.) has the lofty place in world 
agriculture as Queen of The Forages. It has the highest feeding value 
for farm animals of all commonly grown hay crops (17) and is the most 
important forage crop species in the USA and Canada (5). Alfalfa, a 
word from the Arabic language, means best fodder. The oldest recorded 
references to alfalfa date from 1400-1200 B.C. from archaeological 
excavations in Turkey (9). It was probably used as a major forage 
harvest by man long before this time. It is generally thought that the 
center of origin for alfalfa is the Near East with particular emphasis 
in Iran where there are many native plants closely resembling cultivated 
alfalfa varieties (9). 
Alfalfa spread to Greece with the invading armies of the Medes and 
Theophrastus described Roman armies feeding alfalfa to horses and other 
livestock about 400 B. C. ( 9). It was brought from Europe to the New 
World by explorers and missionaries. The first mention of it being 
introduced into North America was by Georgia colonists in 1736 (9). 
Acid soils of the eastern United States made the first attempts to grow 
alfalfa unsuccessful, except on calcareous soils in New York state. In 
1841, alfalfa was introduced into California from Peru and again from 
Chile about 1850 (9). These later introductions into the southwestern 
region of the United states were much more successful because alfalfa 
was more adapted to the soil and climatic conditions. 
Alfalfa varieties are grown worldwide because of their high forage 
value, wide adaptability, and suitable disease resistance. It is very 
important to the economies of many countries including the United 
States. It has been estimated that alfalfa is grown on 32 million ha 
throughout the world. Approximately 70% of all alfalfa is grown by the 
USA, USSR, and Argentina (44). North America, including USA, Canada, 
and Mexico grow about 42% of the world total ( 44). In the stat i st i cal 
literature, there is little or no distinction between alfalfa grown in 
pure stands and that in mixtures with perennial grasses. Alfalfa hay 
has been estimated to be 60% of all hay harvested in the USA (44). 
Preliminary USDA data for 1985 for the United States report that 
hay was grown on 10,389,863 ha, producing 82,798,797 Mg of dry matter 
with average yields of 7.45 Mg ha- 1. The value of the 1985 harvest was 
estimated at $9,706,161,000 (31). 
The Utah Department of Agriculture reported for 1986 that hay was 
Utah's larges ·t · cash harvest and was grown on 252,938 ha, producing 
1,942,692 Mg of dry matter at 7.67 Mg ha-1. It was valued at $133 
million dollars based on a seasonal average of $56.74 Mg-1 (51). Though 
these numbers represent sales of alfalfa hay, the total value is 
probably impossible to determine because so much hay stays on the farm 
and is converted to animal products. Animal and animal products were 
valued at $411 million dollars in Utah for 1986. 
The agriculture sector is a significant part of the economy, but 
many well managed farming operations are struggling and in debt. 
Surplus caused by trade and economic policies and consumer demands as 
influenced by advertising have prevented the price of agricultural 
commodities from keeping pace with inflation. As long as there are 
people in the world who are hungary and starving it can be argued that 
there is no excess production of agricultural products in the United 
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States. Most less industrialized countries cannot afford to buy United 
States agricultural products and the United States can't afford to sell 
at a discount price. The relative high costs of production caused by 
unbalanced distribution of income worldwide has caused the surplus 
experienced in the United States. 
The portion of disposable income spent on food by the US consumer 
in 1890 was 40%, between 1930 and 1960 it ranged from 20 to 24%, 1970's 
16 to 17%, and in the 1980's 15% (36). People in less industrialized 
countries currently spend about the same portion of their income on food 
as was spent in the United States in 1890. 
The need of American farmers, ranchers, and dairymen for current 
technology and information to increase profitability by increasing 
efficiency in producing agricultural prpducts has never been greater. 
Progressive farming operators will continue to find and fill the demand 
for agricultural products by producing and marketing top quality farm 
commodities such as alfalfa. 
The quality of alfalfa hay varies greatly as a result of 
controllable and uncontrollable factors. Controllable factors include 
moisture content of baled hay, varieties, fertility, insects, and the 
stage of maturity at which the alfalfa is harvested. Uncont ro 11 able 
factors include geographical and environmental conditions such as rain 
and temperature. Uncontrollable factors such as weather have a very big 
influence on quality of alfalfa hay. 
To achieve the highest possible hay quality and yield, producers 
must first maximize the potential of the harvest before weather damage 
occurs. The single biggest controllable factor that affects hay quality 
is the stage of maturity at which it is harvested (2,7,10). Using good 
hay making practices, such as baling when there is dew on the windrow, 
using good equipment, and closely monitoring environmental conditions, 
will also promote the production of high quality alfalfa hay. 
When alfalfa shoots emerge from the crown in the spring or after a 
previous harvest, they are high in levels of crude protein (CP), low in 
levels of acid detergent fiber (AOF), and low in percentage of dry 
matter (OM). At this prebud stage of growth, quality is at its highest 
level and yield (YLO) is very low. High quality alfalfa hay is 
determined by high nutritional content, palatability, and digestibility. 
The major criteria used in determining quality are CP and AOF. Acid 
detergent fiber is the portion of the plant that is not digestible . As 
alfalfa shoots mature quality decreases as CP levels decrease, AOF 
levels increase, and total dry matter YLO increases. In general, there 
is a negative relationship between quality and ¥ield (17) . 
There is a period of time in the growth of alfalfa when the level 
of CP is maximized, AOF is minimized, and OM yield is maximized. This 
point is the optimal time to harvest alfalfa for hay. 
When a farmer has optimized the quality of his alfalfa hay he is in 
a much better position to market to the dairy and horse industries. 
These industries are concerned with finding consistent quantity and high 
quality hay and are usually willing to pay a premium price. There will 
always be a demand for high quality alfalfa hay even when a surplus of 
hay may exist. 
A valuable tool available to sellers and buyers of alfalfa hay is 
near infrared reflectance spectroscopy (NIRS) testing for quality. This 
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method is fast, on-site, accurate, repeatable, and inexpensive. Hay 
growers that document nutrient levels with test results and provide hay 
samples that demonstrate palatability, freedom from foreign material, 
musty smell, and bleaching, are in a much better position to market hay 
and receive a premium price. The buyer then knows the quality of the 
hay because of an objective analysis and his own subjective evaluation 
of the sample. If adequate volumes of hay with consistent quality can 
be supplied, lasting marketing relationships are more likely developed. 
The use of NIRS testing is becoming an important tool in the hay 
marketing process and for developing feed rations for top producing 
dairies and feedlots. 
Testing of alfalfa hay by traditional wet chemistry and by NIRS 
testing technolog~ has demonstrated the relationship of quality factors 
to stage of maturity. Too often a prospective buyer rejects a lot of 
hay with low CP and high ADF caused by harvest at a late stage of 
maturity. Feeding such hay will result in lower animal performance and 
will require the addition of feed supplements to the ration. 
A ration containing low quality alfalfa hay may cost more than one 
containing more expensive higher quality alfalfa hay because of the 
supplements that must be added to meet the nutritional needs for high 
producing animals. Unbalanced rations, which are low in nutrients such 
as CP, cause drastic losses in milk and meat production. Levels of milk 
and butterfat production common in many well managed dairies is twice 
that commonly observed only a decade ago because of balanced rations. 
This has resulted in fewer cows producing the same amount of milk. 
A simple model to predict the optimal harvest time of alfalfa has 
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pr act i ca 1 va 1 ue for a 1 fa 1 fa growers and county agricultural extension 
agents or consultants who assist them. Maximizing the quality of the 
raw material before it is subjected to losses from such uncontrollable 
factors as weathering and the hay making process is the key to maximiz-
ing the potential for producing high quality alfalfa hay. Developing a 
simple predictive harvest model is essential for adoption and use by 
growers and professionals. The model must be accurate and versatile 
under the varying climatic conditions found in Utah. The model could be 
used as a management tool to increase profit resulting from production 
of high quality alfalfa hay. 
The model proposed in this thesis consists of a series of growth 
curves developed from fresh-clipped samples of alfalfa collected from 
. . 
various · i ocat ions and varieties throughout the growing season in the 
state of Utah. Varieties represent those commonly grown in Utah and 
locations are major alfalfa producing regions of the state. Average 
accumulated growing degree hours (AGDH) at regular heights (HT) were 
calculated and plotted against levels of CP, ADF, DM, and YLD to develop 
the model . This allows the model to account for maturity variation 
caused by envi ronmenta 1 factors in response to location and growing 
season. Seasonal AGDH were calculated from minimum and maximum daily 
temperatures recorded on-site by data loggers or at local climatological 
weather stations of the National Weather Service. 
The model can be used to maximize quality and yi e 1 d by comparing 
AGDH, nutrient l eve 1 s, and growth stage of the current harvest to the 
average AGDH of the model and the established growth curves. The model 
is used by calculating the current AGDH from climatological data and 
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making comparisons to the average AGDH of the model. Current weather 
conditions and forecasts permit predictions of optimal harvest time. 
The growth curves provide information about expected changes in nutrient 
content and yield. Additional information provided by analysis using 
the mobi1e or stationary NIRS laboratories of a fresh-clipped sample of 
alfalfa prior to harvest can further relate nutrient levels, maturity, 
and yield of the current harvest to the established growth curves. 
The NIRS feed testing laboratories provide fast, accurate, and 
inexpensive analysis of alfalfa samples. The NIRS mobile laboratory is 
scheduled by county agents and operated under direction of the state 
agronomy specialist for extension. It is available to growers 
throughout the state and visits major alfalfa producing counties at 
least three times during the growing season. A stationary NIRS 
laboratory in Ogden, Utah is also available throughout the year to test 
samples. NIRS laboratories and personnel, particularly the mobile 
laboratory, are available to growers and county agents to test fresh-
clipped samples of the current harvest as an aid in making predictions. 
County extension agents and consultants who use the model can make 
estimates and forecast optimum harvest date for the current harvest to 
maximize quality and yield or to achieve an approximate nutrient 
content. Based on overall farm management strategies, various quality 
levels could be achieved for such purposes as marketing dairy hay and/or 
for on-farm feed requirements. 
The research objectives of this thesis were designed to help 
alfalfa growers, users, and those who assist them produce high quality 
alfalfa on a consistent basis through harvest management. 
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Objectives 
1. To document the change in nutrient content, yield, and growth 
stage of alfalfa (Medicaqo sativa L.) grown in Utah as it 
matures. Nutrient measurements include: percent crude protein 
(CP) and percent acid detergent fiber (ADF). 
2. To develop a simple model to predict the optimal harvest time 
of alfalfa to maximize quality and yield. Quality is defined 
as maximum levels of crude protein, minimum levels of acid 
detergent fiber. Yield (YLD) is defined as maximum production 
of dry material per unit area where dry matter (OM) is the 
percent dry material in relation to percent moisture . 
8 
LITERATURE REVIEW 
Alfalfa has been studied extensively because of its great value as 
a forage harvest. Several topics of importance have been i dent i fi ed 
that relate specifically to modeling and management of alfalfa. 
Morphological Growth Stage 
of Development 
Dairymen have known that the growth stage of alfalfa is an 
important criterion to use in estimating the quality of alfalfa that 
influences milk production. Harvest schedules based on stage of growth 
rather than fixed time intervals, calendar dates, or crown shoot 
development generally provide more consistent yield and quality over 
years and locations among alfalfa varieties (56). Hay growers generally 
harvest when alfalfa is about 10% bloom and if good weather is expected. 
Research has documented the decline in quality of alfalfa as it matures 
beyond the 10% bloom stage. This decline is a result of decreased 
nutrient content associated with a decrease in the leaf to stem ratio 
and an increase in the fibrous constituents of the stem (56,50,61,34). 
Donker and Marten (18) compared the effects of alfalfa hay harvest 
early or late on dairy cattle . Of the variation in milk yields, 92% was 
explained by the variation in the crude fiber content of the diet (r = 
0.96). They stated, "it seemed that early harvest hay, 25% crude fiber, 
was worth twice as much for lactating cows as the late harvest hay, 35% 
crude fiber"(p.l). 
The single most important controllable factor affecting alfalfa 
quality is harvest date in relation to stage of maturity (2,7,10). When 
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immature alfalfa is harvested, higher levels of CP and lower levels of 
ADF wi 11 be obtained, but alfalfa yields wi 11 be lowered and stand 
persistence reduced. In general, there is a negative relationship 
between quality and yield (17). Harvesting at first flower is usually 
the best compromise for acceptable quality and maintaining yields and 
persistence (6,39). After a literature review, Kalu and Fick (35) 
observed, that a typical conclusion in some regions is that alfalfa 
should be harvested at the 10% bloom stage (56,61) for high forage 
quality and long stand life. 
In 1981, Kalu and Fick suggested a ten stage classification system 
to quantitatively and consistently determine the morphological stages of 
development of alfalfa (35). The criteria used for morphological 
classification of individual alfalfa stems were refined from an earlier 
system proposed by Gengenbach and Miller (24). The objective of Kalu 
and Fick's study was to test the morphological rating system as a 
predictor of alfalfa herbage quality. Results of a preliminary trial (n 
= 11) in which the mean stage by weight (MSW) of alfalfa samples gave 
coefficients of determination exceeding 0.98 for predicting a variety of 
quality components including CP and ADF. 
different seasons, soils and stand ages. 
The samples represented 
In a 11 cases, mean stage 
consistently provided highly significant linear or quadratic 
relationships for predicting herbage quality: CP (R2 = 0.883), in vitro 
true digestibility (IVTD) (r2 = 0.957), neutral detergent fiber (NDF) 
(R2 = 0.946), ADF (r2 = 0.899), and lignin (r2 = 0841). These 
relationships verified the practical application of the mean stage by 
weight procedure for predicting alfalfa herbage quality. 
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Digestibility and Intake In 
Relation To Stage of Maturity 
Alf al fa has the lowest content of ce 11 wa 11 constituents and the 
highest dry matter digestibility in vitro when compared to several other 
legume forages ( 27) . Digestibility of alfalfa decreases by about O. 3 
percentage units per day and CP decreases by about 0.2 percentage units 
per day during the spring under irrigated conditions (3). Further 
examination of the data shows that digestibility decreased by 0.80, 
0. 41, and O. 49 percentage uni ts per day when going from vegetative to 
bud, bud to 10% bloom, and 10% to 50% bloom stages of growth 
respectively. Decreases in CP of 0.74, 0.40, and 0.16 percentage units 
per day in the respective stage changes were also reported. 
Martin (41) studied harvesting and storage of quality hay and 
reported the quality, determined by levels of CP, ADF, and total 
digestible nutrients (TON) of alfalfa hay, decreased steadily between 
pre bud stage in mid May and maturity in late June. Digestible dry 
matter (DOM) fell from 34.0 to 26.3 lb/day, and milk production from 
42.5 to 19.5 lb/day, necessitating an increase in supplementary grain 
from 4.0 to 18.2 lb/day when high-producing Jersey or Holstein cows were 
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fed on a free-choice system. 
Obierika (49) reported similar yields in a three harvest and four 
harvest system. However, the forage was about 3 percentage units more 
digestible and had 2 percentage units more CP, and 5.5 percentage units 
less NDF when harvested four times instead of three times. Stand 
depletion was observed in the four harvest system 2 years fo 11 owing 
initiation of this system. 
Cleale and Bull (12) reported late harvest silage containing a 
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mixture of forages including alfalfa resulted in a 40% decrease in the 
rate of disappearance in vivo compared with early harvest silage. 
Intake of OM was greater with early harvest than with late harvest 
silage and digestibility of OM, CP, ADF, and NDF was also higher for the 
early harvest silage. 
Intake of green chopped alfalfa by animals is influenced by the 
stage of maturity at harvest. Mean daily intake of dry matter increased 
with advancing vegetative stage from 1. 20 kg before budding to 2 .19 kg 
at the end of blooming (30). Feed unit intake increased from 1.11 to 
1.31. Intake of digestible protein is apparently similar at all stages. 
Alfalfa Stems and Leaves 
and Digestibility 
In general, the feeding value of alfalfa, as well as other 
harvests, decreases as the plant matures (25). The decline has been 
attributed to several factors such as decrease in leaf to stem ratio, 
decrease in CP content, increase in amount of ce 11 wa 11 material, and 
lignification (26,46). After reviewing studies by Kalu, Nordkvist and 
Per Aman ( 46) suggested that aging of stems with the decrease in the 
fraction of leaf to stem determines the nutritive value of alfalfa. As 
the stems grow older they become more fibrous while green leaves change 
relatively little. 
In a study of alfalfa stems and leaves, the CP concentration of 
leaves declined continuously from the vegetative to the early seed stage 
(1). As alfalfa matures, the leaf to stem ratio decreased from 
approximately 1.45 to 0.70 in a dry season and 1.30 to 0.50 in a normal 
precipitation season. Increases in alfalfa yield can be attributed 
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mainly to increases in lower quality stem material (57). 
Leaves are more nutritious than stems and any reduction in leaves 
relative to stems due to maturation, insect attack, or leaf disease 
decreases the over all forage quality ( 57). Al fa l fa leaves stripped 
from the stems and alfalfa tops were reported to contain CP levels of 
26.2% and 27.2% in a study of separating alfalfa into fractions of high 
and low CP content (16). Gale1 observed CP and ADF content from second 
harvest alfalfa leaves in the early blossom stage of 27.73% and 19.83%, 
respectively. 
Albrecht, et al. reported major changes in leaf to stem ratio 
occurred during the period I week before the early bud stage to I week 
after early bud stage (1) . The decrease in leaf to stem ratio was 
attributed to an increase in stem growth and leaf senescence and 
abscission from the lower, shaded portions of the plants. Soil moisture 
stress also causes shorter stem internodes and smaller stem diameters, 
resulting in a decrease in the proporti -on of stems (64). 
In vitro digestible dry matter concentrations in leaves change 
little with maturity, but declined by almost half in stems (1). The 
concentration of cell wall material increased by 60% in stems but only 
increased 10% in leaves (1). Lignin in cell wall material in the stem 
increased by about 30% from the vegetative to the pod stage of 
development. Other digestible and indigestible components followed 
similar patterns. Significant compositional changes of cell wall 
material in stems and little changes in leaves occurred as plants 
1Jody A. Gale collected alfalfa samples from third crop near Nephi, 
Utah in 1987 from the variety WL-312. 
13 
matured. This work confirms that digestibility of alfalfa decreases 
with maturity as a result of increased concentration of cell wall 
material in stems and decreased stem digestibility. 
Others reported similar results from their studies (37). At 10% 
blossom stage, alfalfa leaves contain 65 to 75% of the plant's protein, 
minerals, vitamins, and digestible nutrients. The leaves average about 
25% CP and the stems 12%. 
Nordkvist and Per Aman (46), studying the compositional changes 
during maturation of alfalfa, reported an increase in stem fraction from 
18.5% to 50.7% of dry matter and a decrease in leaf fraction from 72.9% 
to 18.4% of dry matter. The leaf fraction changed the least in content 
of extractives, CP, and in vitro degradability while in the stems all 
these parameters decreased rad i ca 11 y. The percent CP content dee 1 i ned 
in the whole plant from 36.8 to 14.8, leaf 40.4 to 25.7, stem 33.0 to 
6. 6, during pre bud stage to pod formation. The percent rumen 1 i quor 
residue content increased in whole plants from 14.3 to 45.6, leaf 15.6 
to 30.5, and stem 33.1 to 57.5, also during prebud to pod formation. 
Chemical analysis of residues after incubation with rumen liquor in 
vitro of whole samples showed that the degradability of CP declined from 
about 90% to 80% and of non-starch polysaccharides from about 90% to 
about 60% during a 1 fa lfa maturation. A comparison showed the stage of 
development and harvest date were of practically equal value as 
predictors of CP content in alfalfa. Linear regression analysis 
revealed that both harvest date (day number) and phenological stage were 
strongly related to CP levels. The phenological stage (r2 = 0.85, p 
<0.001) was approximately equal to day number (r2 = 0.82, p < 0.001) as 
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a predictor of CP. 
Nordkist and Per Aman further report it is not possible to obtain 
optimal harvest only by use of date of harvest or of phenological stage 
as a criterion since the weather varies greatly between years in the 
same location. High temperature, especially during nights, accelerates 
the decline in nutritive value (13,38,62). 
Stand Persistence and Root 
Carbohydrate Reserves 
A major dilemma for alfalfa growers is maintaining a balance 
between quality, yield, and stand persistence. The relative importance 
of these factors has change over the past 30 years as varieties and 
demand for quality have _ch_anged ( 57). The introduction of new insect 
and disease resistant varieties with greater dormancy ranges has given 
alfalfa producers more freedom in making alfalfa management decisions. 
Alfalfa is bought and sold on quality now more than ever before 
because of the introduction of NIRS analysis, which is fast, accurate, 
and an inexpensive way of testing quality. Quality forages are 
essential for high production of animal products and for stand 
persistence, whereas yield is of less importance (57). Growers need to 
evaluate farming operations to determine if sacrificing yield and stand 
longevity to produce high quality hay would be a good investment. 
Replacing an alfalfa stand more frequently may be less expensive 
than the lost income from marketing lower quality alfalfa hay. If a 
grower has a consistent market and/or can develop one, where premium hay 
brings a premium price, loss of yield and stand persistence experienced 
by early harvest may be justified through greater profit. 
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Carbohydrate reserves in the roots of alfalfa govern shoot growth. 
When a 1 fa lfa has a · full canopy the shoots assimilate CO2 from the air 
and roots absorb water and nutrients from the soil to build plant 
structure and provide cell components. After an extensive review of the 
literature, Smith (61) suggested that alfalfa should be allowed to grow 
without harvest or grazing for 4 to 6 weeks prior to the first killing 
frost (-3° C) in the fall (6,14,42,45,63). Cool weather and decreasing 
day length reduce the ability of alfalfa plants to produce regrowth and 
replenish root reserves. These same conditions force the plant into a 
non-growing dormant state during which time the plant stores 
carbohydrates in the root system (62,61). 
When shoots are removed by harvesting, the plant must replace them 
in order to survive. Carbohydrates stored in the roots provide the 
energy for the p 1 ant to produce new shoots. Harvesting before these 
reserves have been replenished weakens the plant making it more 
susceptible to disease, winter injury, and competition. Stands of 
alfalfa that have been consistently managed for high quality and 
harvested before carbohydrate reserves have been replenished decline 
rapidly and must be replaced in 4 to 5 years. 
From a study on fall harvesting, yield, persistence and quality, it 
was reported that pl ant stand was not affected by harvest management 
until the spring of the fourth year after es tab 1 i shment ( 58). A third 
harvest in mid September reduced stands more than an early September 
harvest. A fourth harvest provided high quality forage, but reduced 
stand persistence if harvest before mid October. 
When hay is harvested with fewer than 4 weeks before the first 
killing frost in the fall of the growing season root carbohydrate 
reserves are used for new shoot growth. Carbohydrate reserves are not 
replenished before the plant enters winter. In a weakened state, the 
plant is more susceptible to winter kill and disease the next season. 
If alfalfa is immature (bud stage) when harvested the following spring, 
yield will be reduced (61) and stand persistence may be seriously 
shortened. Waiting unt i 1 full flower before taking the first harvest 
after winter injury has occurred allows for accumulation of non-
structural carbohydrates and repair of damaged tissue. 
Smith (61) stated that there should be an interval of 35 to 42 days 
between harvests to provide best results in herbage and nutrient yields 
per acre and to promote stand persistence . Harvest at first flower or 
10% bloom has often been recommended as a compromise to provide adequate 
root carbohydrate reserves for stand persistence, moderate forage 
nutrient concentrations, and highest yields of forage nutrioents (57,61). 
Yield is an important consideration in determining what stage to 
harvest alfalfa. Maximum dry matter yields occur much later than 
maximum levels of quality . Following periods of dormancy or harvesting, 
dry matter yield increases until full blossom and then declines 
(26,43,44). A reasonable reduction in yield must be sacrificed to 
obtain reasonable levels of quality. 
Near Infrared Reflectance 
Spectroscopy (NIRS) 
Near infrared reflectance spectroscopy, more commonly known by the 
acronym NIRS, is a relatively recent development in the field of forage 
testing (47). It is based on the physical properties of the chemical 
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bond between hydrogen and carbon, oxygen, and nitrogen. When exposed to 
light energy, chemical bonds between these atoms absorb energy in the 
near infrared range of 1000 nm to 2500 nm in the electromagnetic 
spectrum, causing the bond to stretch and bend. G. C. Marten, an 
agronomist for the Agriculture Research Service stated, "what we are 
really measuring are the vibrations caused by the stretching and bending 
of hydrogen bonds" (43, p.6). Marten says that each major organic 
component of a forage or other feed has light or energy absorbing 
characteristics that causes specific reflectance patterns enabling 
identification of forage composition. It differs from traditional 
spectroscopy by measuring reflectance or radiated NIR energy rather than 
transmittance or absorbance. 
The scanner operated by Utah State University Extension Service is 
manufactured by Pacific Scientific of Silver Springs, Maryland. The 
scanner, model 4250, is interfaced with a microcomputer that operates 
the scanner using software containing calibration equations and related 
programs to predict forage nutrient content. 
Bands of monochromatic NIR radiant energy, generated by a 100 watt 
lamp, are focused by a lens and directed through a ground glass window 
of a cell containing a sample that has previously been dried and ground. 
In the analysis of agriculture products, a band width of 10 to 15 nm is 
satisfactory ( 60). The term "wavelengths" is often used to describe 
these bands. When wavelengths are used to quantify a chemical 
relationship they refer to the center position of the band (60). 
Scanning refers to the systematic generation of NIR radiation over 
the NIR range. The scanning filter system used in the Pacific Scien-
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tific model 4250 generates NIR data over segments of this range (60). 
It contains three filters on a rotating wheel through which the light 
must pass before striking the sample. Filter 1 is for 1870 to 2082 nm, 
filter 2 from 2088 to 2246 nm, and filter 3 for 2252 to 2316 nm. The 
scan speed is 20 seconds for the sample, 20 seconds for the ceramic disk 
reference for zeroing, and 5 seconds for calculations (60). The filter 
wheel2 rotates 32 times providing 96 scans per sample. 
The spectra, consisting of 291 NIR data points connected by a line, 
describes the relationship between NIR radiation from the sample and 
sample chemistry. The data are collected as log 1/R where R equals 
reflectance and is assumed to follow Beer's Law, which states that 
absorption is linear with concentration (60). The spectra shape and 
displacement are a ·function of the t~tal chemistry and the particle 
size, shape and distribution in the sample. The chemical information 
consists of overtones and combination bands from molecular vibrational 
frequencies in the solid particles. Each data point making up the 
spectra contains information from more than one chemical bonding 
frequency (60). 
The spectra is then compared mathematically with spectra of a 
calibration base through equations. The calibration base consists of 
spectra and wet chemistry for hundreds of samples of the same species 
representing feeds from diverse locations, maturities, hay making 
treatments, etc. (11). Predictions of nutrient content are made based 
on similar spectra for the unknown and the calibration. 
2 Information provided by Dr. David H. Clark, Research Animal 
Scientist USDA Agricultural Research Service, at NIRS technician 
training, 5 May 1987 at Utah State University, Logan, Utah. 
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Watson (66) described the theory, instrumentation, and reviewed the 
early literature. The NIRS testing process was developed in the early 
1960' s by the Instrumentation Research Laboratory, of the Agricultural 
Research Service, USDA, Beltsville, Maryland under direction of Karl H. 
Norris, an agriculture engineer who received the Alexander Von Humboldt 
award for his work (48). It was initially used to measure moisture 
content of ground samp 1 es of grain and soybeans ( 8) but was 1 ater 
expanded to include oil and protein content of soybeans (29,53). 
In 1976, Norris, et al. (47) first reported the ability of NIRS to 
test for nutrient content of temperate and tropical perennial forages, 
including alfalfa, and proposed it as a rapid, accurate, precise, and 
nonconsumpt i ve method for determining feed quality. They accurately 
predicted several feed nutrient components by recording near infrared 
spectra (1.4 to 2.4 micrometers) recorded as log (1/R) verses wavelength 
and transformed to the second derivative of log (1/R) verses wavelength 
for correlation with compositional and nutritional data where R equals 
reflectance spectra. Multiple linear regression techniques were used to 
determine the optimum wavelengths for predicting each of the chemical in 
vitro and in vivo analysis . Using up to nine wavelength points they 
reported correlation coefficients of 0.99 for CP and 0.96 for ADF. 
Using calibration equations the predicted values were within a standard 
error of± 0.95% for crude protein. 
Marten, et al. (40) studied the possibility of using NIRS for 
predicting quality of small grain forages of diverse maturities. They 
reported the range of squared coefficients of multiple determination 
(R2) of the prediction equations from 0.99 for crude protein to 0.92 for 
in vitro digestible dry matter. They concluded that NIRS can accurately 
predict forage quality of small grains with accuracy equal to or greater 
than that for perennial forages. 
In the early 1980's, work by Dr. John S. Shenk and associates at 
Pennsylvania State University demonstrated and solved problems relating 
to the practicality of on-site feed testing by developing the mobile 
NIRS testing laboratory concept (59). NIRS equipment was installed in a 
small mobile van and demonstrated at hay auctions and field days that 
have since expanded to an international method for feed testing. 
The conclusions of Norris, et al. (47), that NIRS had a potential 
use for rapid evaluation of forage quality has been borne out by much 
research and development resulting in its current wide spread use and 
. . 
general acceptance. Some of the advantages of this testing system that 
have led to its success include accuracy and precision, repeatability, 
speed of analysis (less than 5 minutes), on-site testing for hay 
growers, national quality control program, and low cost of analysis. 
Cooperative Extension education programs have been adopted by several 
states including Utah to demonstrate these advantages and provide 
information on sampling and how to interpret and use test results. 
There are also private consulting firms in intensive farming regions in 
the midwest that offer NIRS testing of feeds as part of ration balancing 
and related farm consulting services. 
Modeling 
Simulation models of harvest growth, in general, are advocated for 
use by researchers and managers ( 4) as a means of predicting future 
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events based on given criteria. Documentation of plant growth processes 
by research provides the basis for determining the criteria. 
Predictions of future events by modeling has great value as a management 
tool because it provides information for making decisions to optimize 
harvest quality and yield. 
Recent work involving modeling of alfalfa quality and yield by 
simulation was reported by Fick and Onstad (22). Since 1974, many 
mode 1 s of a 1 fa 1 fa for various purposes have been deve 1 oped because of 
increased availability in computer technology that makes it possible to 
handle large amounts of information. Fick, et al. recently reviewed the 
literature associated with modeling and described the various models 
available (21). 
Shortcomfogs of complex computer models have been suggested by Fick 
and Onstad (22). They list three: first, if a particular model 
component is being developed or refined, complexity in other components 
can unnecessarily increase the development cost; second, the very 
complexity that confers explanatory credibility to the model can also 
make it difficult to interpret (52); third, in applications where 
predictive accuracy is a major concern, model complexity is inefficient 
unless it contributes to accuracy or generality. 
A simple simulation model could help avoid these problems (19). 
First, it could serve as a reference for the initial development and 
refinement of sophisticated components of more comprehensive mode 1 s. 
Second, relative simplicity makes the model easier to understand and 
facilitates the interpretation of model behavior. Third, the simple 
model can serve as a reference point for evaluating improvements in 
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accuracy or generality gained by adding detail to the simulator. 
A computer simulation model developed by Fick and Onstad (22) 
called ALSIM 1 (LEVEL ZERO) has been reported to predict alfalfa dry 
matter yields, CP, and digestibility levels in various harvests. This 
model is apparently responsive to changes in harvest management, general 
soil productivity, weather, and general yield capacity of the variety. 
Three input data sets are required to use the model. They are: mean air 
temperature array; harvest date file; and soil moisture at field 
capacity. The model is used for simulation of alfalfa growth. This 
model is written in a computer programing language called CSMP III which 
is compatible with FORTRAN IV. 
Fick and Onsted (22) developed their model by systematic appraisal 
of the accuracy of eight candidate model predictions in the humid 
environment of New York state . Candidate models were developed by 
linking together various combinations of six simple model components 
that describe the basic growth processes of alfalfa or the environmental 
effect on these processes. Each of the components were considered 
individually and in combinations. The components considered were 
production potential (maximum yield in each harvest}, heat summation 
(base s° C growing degree days), non-1 i near temperature effects, soil 
water budget, regrowth potential (harvest management and root reserves), 
and general soil production factors based on available soil water in the 
root zone at field capacity (20). 
The central concept in all model configurations is a type of growth 
equation establishing production potential. Growth reduction factors 
were attached to the equation. Regression equations to predict dry 
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matter digestibility and CP levels were added to complete the model. 
The model was tested using monthly average weather data inputs. 
Field observations of yields were used in three conventional harvest 
managements measured across three soils types and 2 years. Other inputs 
included degree days at first flower, harvest dates, and soil moisture 
in the root zone at field capacity. Predictions of CP and 
digestibility for leaves and stems were done separately. With these 
inputs, ca lcul at ion of the nutritive quality of the total herbage was 
completed. 
The best model included components for production potential, heat 
summation, soil water holding capacity, and harvest management. 
Predictions of leaf proportion, CP, and digestibility were made from 
accumulated growing degree days with a root error mean square (REMS) of 
less than 50 g kg-l of plant dry matter . The equation Y = 0.20 + 0.48 X 
with r2 of 0.76 and REMS of 690 kg ha-1 in any harvest were developed by 
• 
regression on model predictions from field observations of dry matter 
yield (n = 60). Fick and Onstad suggested that with calibration the 
model would be applicable to humid and irrigated environments and that 
the four components discussed above provide a simple basis for 
formulating base-line models. 
Fick and Onstad concluded that LEVEL ZERO is a fair yield predictor 
for central New York, especially for well managed stands of alfalfa 
where the relationship between observed and predicted dry matter yields 
had an r2 value of 0.76 and 0.97 in two separate validation experiments 
(22). Predictions of forage quality were not nearly as successful as 
the prediction of yield where the relationship between observed and 
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predicted levels of CP and digestibility had significant regression only 
when late season values were excluded with r 2 values of 0.30 and 0.73 in 
two separate validation experiments. Harvests made after August 10 
always had higher levels of crude protein and digestibility than those 
predicted. Fick and Onstad suggested that this may be due to drought 
stress. Marginal drought stress is reported to increase forage quality 
(67). 
Fick and Onstad list the assumptions and limitations of the model. 
It was developed for New York, for relatively pure stands of alfalfa, it 
does not keep track of stage of development and day length, and 
simulates only hay harvests. The important changes in potential growth 
rates associated with physiological aging were controlled by growing 
degree days and Juli an date. The model al so u_ses average monthly 
weather data, which may be an important limitation to greater accuracy. 
The rather simple modifications that would allow actual daily 
temperatures to be used would defeat the goal of simplicity in data 
requirements. However, modifications in computer code and calibration 
of model parameters would be necessary to fit slightly different 
objectives or environments involved. They also stated that "regression 
equations were based on data from central New York state ... , and 
extrapolation to other regions should be done with caution" (22, p.9). 
ASYMCUR is a modeling system developed by Richardson and Leonard 
that takes into account three "cardinal temperatures" (55, p.183) of 
plant growth. There is a set of optimal environmental conditions for 
each living organism that are necessary for maximum growth and 
development. If a 11 of these environmental factors are optimal except 
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one, the ideal conditions for studying its effect on plant growth 
exists. ASYMCUR makes the basic assumption that, in general, 
environmental factors are or can be optimized, therefore, the three 
cardinal temperatures can be used mathematically to approximate growth. 
The model has a general bell shaped curve when plotting x axis as 
temperature and y axis as rate of growth (Figure 1) . 
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Figure 1. ASYMCUR growth curve. 
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GOH= FA {1 + cos[n + n(TH - TB)]} [1] 
2 TU - TB 
GOH. FA U + cos[..!!....+..!!....(TH - TU)]} 
2 2 2 TC - · TU 
[2] 
Where: 
GOH• the accumulation of growing degree hours during 
an hour when: 
TH• the hourly temperature. 
TB• the base temperature below which no appreciable 
growth will occur. This corresponds to point A on 
the curve in figure 1. 
T~ • the optimum temperature at which the maximum rate 
qf growth will occur and corresponds to point Bon 
the curve in figure 1. 
TC• t~e critical temperature beyond which little or no 
grQwth will occur and above which irreversible 
dam~ge may be done to the plant. 
A= TU - TB (the amplitude of the growth curve). 
F • a str~ss factor which can be used to represent 
variou~ forms of plant stress from such factors as 
low hum,dity, soil moisture, disease, insect damage 
or lack o,_f nutrients. 
The first cardinal temperature or base (TB) is that temperature or 
below where no· ,appreciable growth '('ill occur; the second (TU) is the 
temperature at which growth is opt i mi~ed; and the third (TC) is the 
critical temperature above which there is no appreciable growth and 
perhaps damage or death to the plant. In general, the model forms an 
asymmetric curve which approaches the x axis asymptotically. Early 
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versions of the model assumed a symmetrical curve developed from cosine 
equation 1. Responses of several plant species indicated that growth 
does not follow a true cosine curve but growth declines faster after the 
optimal growth rate temperature has been exceeded than before. Equation 
2 takes this into account by describing this asymmetric relationship. 
Using combinations of the two cosine equations used in calculating 
GOH, Richardson and Leonard ( 55) observed "marked improvements in the 
predictability" (p.183). The average difference between predicted and 
observed dates of first blossom in tomato plants decreased from 4.27 
days using the original linear response model to 1.81 using the 
combination of the two cosine equations. 
ASYMCUR differs from traditional models in the shape of the growth 
curve. One of the more frequent approaches reported in the literature, 
probably due to its simplicity, is a linear relationship between plant 
growth and temperature assuming temperatures that are normally 
encountered in nature (65). The relationship erroneously assumes that 
regardless of the temperatures the plant will continue to grow. 
Improvements on straight line models by incorporating two straight 
lines more closely approximate reality. The first straight line relates 
increasing temperature to increasing pl ant growth. The second line is 
horizontal and intercepts the first at that temperature where the rate 
of plant growth is maximized. However, this model cannot account for 
the actual decline in growth caused by tissue damage or death that 
occurs to the pl ant at some high temperature. It assumes that at 
temperatures above the optimum, growth rate is constant. The ASYMCUR 
model accounts for all these factors in addition to the others. 
Various crops, categorized as warm, intermediate, or cool season, 
were assigned a general set of cardinal temperatures (54). The cardinal 
temperatures in degrees C for coo 1 season harvests are 0, 20, and 32; 
intermediate 4, 25, and 36; and warm 10, 30, and 42 (54). Richardson 
considered alfalfa to be intermediate and had suggested 9, 30, and 42 
for cardinal temperatures to be used by the ASYMCUR model. 
As a result of the modeling work contained in this thesis and newly 
identified literature (15,28,42) the cardinal temperatures used for the 
models in this thesis are 9, 27, and 35° C where 9 equals TB (see 
equations 1 and 2, page 27), 27 equals TU, and 35 equals TC. 
29 
MATERIALS ND METHODS 
The objectives of this study are to document the change in nutrient 
content, yield, and growth stage of alfalfa hay grown in Utah and to 
develop a simple model to predict optimal harvest time of alfalfa to 
maximize quality and yield. 
Locations and Varieties -
Existing stands of specific alfalfa varieties were identified in 
three locations in Utah. Locations included the Barris Jenkins farm 
Nephi, Utah; the Brigham Young University (BYU) farm Spanish Fork, Utah 
cooperating with Dr. Dwain Horrocks, Professor of Agronomy at BYU; and 
three cooperating growers, near Trenton, Utah. These locations 
represent major alfalfa producing areas in the state . 
Existing stands of alfalfa in strategic locations were desired to 
provide plant material in typical production situations encountered by 
hay growers, to eliminate establishment time, and to involve growers and 
researchers in this project. 
The Barris Jenkins farm is located approximately 3 km southwest 
from the courthouse in Nephi, Utah in Juab county. This site received 
the major emphasis in the study. The elevation is approximately 1525 m 
above sea level. The alfalfa varieties WL-312 and Anchor each occupied 
6 ha and were growing in adjacent fields. Deseret variety of alfalfa 
occupied 8 ha approximately 0.5 km west from the varieties Anchor and 
WL-312 with little change in elevation, harvest production practices, 
and soil type. Data collection occurred in 1987 when stands of Deseret 
and WL-312 were in the 4th year following establishment and Anchor in 
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the 5th year fo 11 owing establishment. Results of soil analysis for 
phosphorus and potassium indicated adequate amounts present for good 
harvest production. In the spring of 1986, 150 units of phosphorus were 
applied. Soil texture was identified as silt-clay-loam and is 
relatively uniform over the farm. 
The Brigham Young University farm is located approximately 8 km 
southeast from Spanish Fork, Utah in Utah county. The elevation is. 
approximately 1500 m above sea level, similar to the Nephi Location. 
Soil texture is generally loam. The varieties WL-312, Anchor, and 
Deseret were part of a randomized block design variety trial containing 
19 varieties and 3 replications. Plots were 0.9 m by 6.1 m. An 
adjacent pure stand of WL-312 of approximately 0.5 ha was also sampled. 
Cooperators in Cache Valley providing use of their fields are 
located 0.2 km southeast and 8 km north and northwest of Trenton, Utah. 
The elevation is 1415 m above sea level. Soil texture is silt-cla~-
loam. Varieties grown in irrigated conditions at this location included 
WL-312, Deseret, and Ranger, and with Anchor and Deseret varieties grown 
in dryland conditions. 
Alfalfa varieties selected for this study were the public variety 
Deseret; WL-312, a W-L Research variety; and Anchor, an Agripro variety. 
These varieties are commonly grown in Utah. Deseret, unlike WL-312 and 
Anchor, must be harvested early to maintain quality. 
The variety WL-312 is semi-winter-dormant and ranges from low 
resistance to resistant to the major diseases and pests. It is 
characterized as a high quality variety. Anchor has resistance to 
moderate resistance to some of the major alfalfa diseases and pests and 
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is considered a winter hardy variety. Deseret is winter-dormant and is 
quite susceptible to many diseases and insects. 
Deseret is generally characterized as a variety capable bf 
producing high yields of dry matter but must be harvested early to 
maintain palatability due to large diameter stems. These is 
accomplished by harvesting four times in areas that harvest other 
varieties of alfalfa three times. All varieties grown at the same site 
will be at the same stage of growth. Deseret should be harvested at the 
early bud stage rather than the midbud stage as recommended for other 
varieties. 
Weather Data 
Weather· data was co 11 ected at eac~ location. This was done by 
using data loggers manufactured by Omnidata International, Inc., Logan, 
Utah for the Nephi and BYU sites and by using the climatological station 
of the National Weather Service at Trenton and Santaquin, Utah. Maximum 
and minimum daily temperatures were recorded at each site. Maximum and 
minimum soil temperatures were also collected at Nephi. The air 
temperatures were used in calculating the AGDH for model development. 
Weather data from the official climatological station at Santaquin, 
Utah were used in calculating GDH for BYU site due to questionable data 
collected by the data logger at this site. This may have a confounding 
influence on the BYU data. 
Sampling and Drying 
Alfalfa was sampled at the three locations and from the three 
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alfalfa varieties present to obtain the plant material for analysis. 
Types of samples collected included quality and yield. Quality samples 
were tested by NIRS analysis to determine the nutrient content. Yield 
samples were used to obtain the yield of dry matter per ha plus or minus 
1 day from when the quality samples were collected. 
Quality samples were collected at the Nephi location by dividing 
each 6 or 8 ha field of a variety in half and collecting one composite 
sample per half. The composite sample was collected by randomly 
selecting eight subsamples, consisting of approximately 150 g of fresh 
material each, by walking in a zig-zag fashion the length of the field 
to obtain a subsample from each one-eight of the field. Quality samples 
collected at Trenton and from the 0.5 ha of WL-312 at BYU were sampled 
in a similar manner except only on·e composite sample per var·; ety was 
collected. Quality sampling of the BYU variety trial was completed by 
collecting three subsamples per replication and combining all sub 
samples and replications to make a composite sample. All samples were 
kept in sealed plastic bags as they were collected and placed on ice to 
prevent desiccation. Samples were usually dried within 12 hours. 
Yield samples were collected by clipping the fresh material within 
a 0.37 m2 hoop at random locations in the field. At Nephi and BYU WL-
312 (field) yield samples were collected from five locations selected at 
random similar to the method used to collect quality samples. The fresh 
weight was determined in the field immediately following clipping with 
the aid of a battery operated digital balance accurate to 0.1 g. The 
dry matter level was determined by drying a portion of the qua 1 ity 
sample and was used to calculate yield. The growth stage and average 
yield was also determined. 
Samples were dried using microwave and forced air ovens. The 
forced air oven was used on samples collected after 1 June at Trenton, 
Utah due to the lack of man power and equipment. This is not suspected 
as being a source of confoundment because microwave samples were dried 
at temperatures less than 60° C for 25 minutes which tends to mimic the 
low temperature and longer drying time in the forced air oven. 
Samples were prepared for mi crow ave drying by chopping the pl ant 
material into approximately 2 cm lengths using a paper cutter. The 
chopped material was collected in an aluminum pan under the paper 
cutter. The plant material was then thoroughly mixed by hand in a 
plastic bucket to assure a homogenous mixture of all shoot parts. A 100 
g portion of fresh material was weighed and placed on a paper pla.te. 
The samples were dried for 25 minutes on the defrost setting to prevent 
high temperature damage (below 60° C) to plant material. Samples dried 
in a forced air oven were placed in paper bags and dried at 45o C for 
one week. Samples were weighed after drying and the difference in wet 
and dry weights was used to calculate the percent dry matter content. 
Samples were sealed in new plastic bags, labeled, and stored until NIRS 
analysis was completed. 
NIRS and Wet Chemistry Testing 
Samples were prepared for NIRS analysis by grinding the dried 
sample in a Cyclone mill manufactured by UDY Corp. Fort Collins, CO. 
The UDY sample mill was used because NIRS calibration samples were 
prepared in this type mill. The mill grinds the sample to a uniform 
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particle size by impelling the sample material against an abrasive ring 
in the grinding chamber. The sample material stays in the chamber until 
it is sufficiently reduced in particle size to pass through a 1 mm sieve 
in the wall of the chamber. 
The analysis by NIRS was accomplished by loading approximately 2.5 
g of ground material in a cell containing a window. The cell was then 
placed in the NIRS scanner are the reflected spectra measured. The 
spectra of the individual samples were stored with others in a computer 
file. The file, containing spectra from several hundred samples, was 
predicted (meaning processed) using the software and related calibration 
equations of the NIRS system. The time required for scanning each 
sample was about 50 seconds. The spectra file was predicted and test 
results printed ind stored. 
Chemical and NIRS analysis of thirty samples were done to determine 
the relative accuracy of,. the NIRS analysis used in this study. The 
samples selected represent the broad range of alfalfa maturity, 
locations, and varieties that are observed in this study. Twenty-five 
ground samples were split into five subsamples and each was tested by 
different laboratories as a test of differences between laboratories. 
One large ground samples was split into five subsamples which were then 
split into five more subsamples as a test of variability within a 
laboratories. 
Four laboratories participated of which three were NIRS and the 
other a wet chemistry 1 ab. The mobile NIRS 1 aboratory operated by USU 
Cooperative Extension Service which was used to test all samples in the 
study in this thesis, tested the thirty samples on two different 
35 
occasions. Another NIRS 1 aboratory operated by the Utah Department of 
Agriculture which uses the same scanner and software as USU, 
participated. A third NIRS scanner operated by the Agriculture Research 
Service at USU uses a more complex scanner, computer, and software than 
the other two NIRS units. Wet chemistry analysis of the thirty alfalfa 
samples were done by the soils laboratory at USU. The samples were 
tested five times by four different laboratories with each test 
considered as a treatment for statistical analysis. 
Modeling 
A series of predictive models were developed. This was 
accomplished by calculating the average AGDH from the last killing frost 
in the spring, which has been identified as -3° C for alfalfa 
(6,14,42,45,63) or when regrowth began following harvest of the previous 
harvest. The AGDH, CP, ADF, OM, YLD, height (HT), stage (STG), and 
fruit calender date (FCD) were determined for each 5 cm increment of 
shoot height before model development could begin. Fruit calender date 
is used with the ASYMCUR computer software similar to Juli an date, 
except that FCD begins at 1 September. These data are in appendices. 
Various models were developed by determining the average AGDH at 5 
cm increments of shoot height. For instance, a model was developed from 
a 11 1 ocat ions, varieties, and harvests to be used as a genera 1 purpose 
predictive model for all situations. The average AGDH at each 5 cm 
increment were determined from data for all varieties, at all locations, 
and from a 11 harvests. Other mode 1 s were al so developed for each 
specific location, variety, and harvest. For these models only data 
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from the location, variety or harvest of interest was used in 
calculating the average AGDH per 5 cm increment of shoot height. The 
more specific the model , the more accurate it is l i ke l y to be when 
making predictions. Especially when the conditions from which the model 
was developed match those where the prediction is to be made. 
The average AGDH that occurred at a particular increment of height, 
maturity, and nutrient content is the predictive value of the model. 
The first step in making a prediction is to calculate the AGDH at the 
site of interest from maximum and minimum daily temperatures. This is 
done using computer software. The AGDH for the site is then compared to 
the average AGDH at the 5 cm increments of the model being used. 
Ideally, AGDH of the model with corresponding height, nutrient content, 
etc. · would be the· same as that occurring on-site. The model can 
therefore be used to predict when to harvest based on AGDH to maximize 
levels of CP, minimize levels of ADF, and maximize YLD based upon 
current environmental conditions observed in the field. 
The first attempt at developing models did not take into account 
that alfalfa does not begin to regrow immediately after being harvest. 
Regrowth is subject to soil moisture content and wheel traffic. It is a 
general practice by many growers, including the cooperators involved in 
this study, to stop irrigation several days before they anticipate 
harvest so that the soil wi 11 be dry enough to a 11 ow heavy equipment 
onto the field to harvest, rake, bale, and haul hay without getting 
stuck in the mud. Dry soil under windrows al so speeds up the drying 
process. Depending on weather conditions, it may take several days once 
the hay has been harvest before it can be removed from the field and 
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irrigation reinitiated. Alfalfa will not begin to grow until there is 
adequate soil moisture. If growth begins before the crop is removed, 
65% of the surface area of the field may be run over by wheels from 
heavy equipment seriously injuring and killing new alfalfa shoots (32). 
Corrections were made by using field notes, laboratory 
measurements, photographs, and by plotting 5 cm height increments 
against AGDH from harvest date for each harvest as evidence to estimate 
when regrowth began. New calculations of AGDH for all locations, 
varieties, and harvests were done, reflecting the estimated day that 
regrowth began for each location, harvest, and variety. 
First harvest had a different rate of accumulation of GOH than the 
second and third, which were quite similar. This suggested that some 
factor such as stress . relatin ·g to high temperature was causing th~ 
difference. Initially, AGDH were calculated using the cardinal 
temperatures of 9, 30, and 42° C in accordance with previous work done 
by Richardson. Data analysis suggested these cardinal temperatures were 
suspect. 
An additional literature search identified newly published 
literature containing results from earlier studies. This information 
indicated 27° C should have been used rather than 30° C as the cardinal 
temperature for optimal growth rate {TU) and 35° C rather than 42° C for 
the critical temperature (TC). New AGDH were calculated using new 
cardinal temperatures of 9, 27, and 36° C (15,28,42). The differences 
in average AGDH between first harvest compared to second and third 
harvests were reduced when the corrected values were used. 
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RESULTS AND DISCUSSION 
Relationships between CP, ADF, DM, YLD, and HT for alfalfa are of 
major interest in this study. Field and laboratory measurements were 
assembled and analyzed to document the change in nutrient content and 
yield of Utah grown alfalfa and to develop a simple predictive model to 
estimate optimal harvest time of alfalfa. 
Relationships 
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In general, these research data support the literature by showing 
that as alfalfa matures, levels of CP decline, ADF increases, DM 
increases, and YLD increases. There is great value in documenting the 
rel at i onsh·i p of levels of qua i ity factors and yield with . the . growth · 
stages of alfalfa. The data have been correlated to environmental 
conditions through the use of AGDH, enabling its use for other years and 
locations where weather data are available. 
Levels of CP were observed from 32.8% at Nephi in first harvest of 
the variety WL-312 to 16.2% at Nephi in second harvest of the variety 
Deseret. Levels of ADF ranged from 39. 4% at Nephi in third harvest of 
Deseret to 14.0% at Nephi in first harvest of the variety WL-312. 
Maximum levels of DM reached 31.7% at Nephi in third harvest of the 
variety Deseret and minimum levels of 14.3% at Trenton in fourth harvest 
of the variety WL-312. The highest CP levels and the lowest levels of 
ADF and DM occurred in the prebud stage while the 1 owest 1 evel s of CP 
and the highest levels of ADF and DM were observed at the pod stage. 
The highest measured yield per harvest was recorded at 7.0 Mg ha-1 at 
Nephi in first harvest of the variety WL-312. The growth stage and 
~verage yield in Mg ha- 1 (appendix A.47) for all varieties and harvests 
from Nephi and WL-312 (field) at BYU were: prebud 3.6; midbud 4.2; and 
late bud to early bloom 4.9. 
These va 1 ues w~ 11 be different than those that would be obtained 
from a normal mechanical harvest in the field. For instance the CP 
content of baled hay may be less than a fresh clipped sample because 
during handling some of the 1 eaves of dry hay wi 11 be shattered and 
lost. Alfalfa leaves contain about 75% of total plant protein with the 
remaining 25% in the stem (37). 
Appendices A-D contain tables and figures of data collected in this 
study that document relationships between quality factors, yield, growth 
stages, · and AGDH. for a 1 fa 1 fa grown in Utah. 
Estimated Optimal 
Harvest Time 
Maximum or minimum acceptable levels of nutrients to achieve 
quality were used in evaluating the data. Acceptable levels were 
defined as CP equal to or above 20% and ADF equal to 29% but not greater 
than 31%. When the CP content did not decrease below 20% and ADF was at 
1 east 29% but not exceeding 31% it was estimated that the optimal 
harvest time of alfalfa had been reached {Table 1). 
The estimated optimal time to harvest, as shown by the asterisk in 
Table 1, was determined 7.8% of the time by the criteria of CP not 
declining below 20%. The criteria of not exceeding 31% ADF was the 
factor that determined 63.3% of the estimated optimal harvest dates. 
No estimate was made 28.9% of the time due to lack of data in range. 
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Table 1. Date, accumulated growing degree hours, and morphological 
growth stage when estimated optimal harvest date was reached. 
F+T LC HV VAR PLC Date AGDH Stage Date AGDH Stage 
# 20%CP 29%ADF 
1 Nep 1 312 2 Jun 5568 LBD 23 May 4539 EMBD 
2 Nep 1 ANC 31 May 5262 LBD 21 May 4335 EMBD 
3 Nep 1 DES 2 Jun 5568 LBDEBL 20 May 4272 EBO 
4 Nep 2 312 10 Jul 6151 LBDEBL 2 Jul 4557 MBD 
5 Nep 2 ANC * 8 Jul 5643 MBD 3 Jul 4724 MBD 
6 Nep 2 DES 6 Jul 6199 MLBD 27 Jun 4428 EMBD 
7 Nep 3 312 30 Aug 8808 MBL 11 Aug 5090 EBO 
8 Nep 3 ANC 31 Aug 9611 MBL 12 Aug 5942 EBO 
9 Nep 3 DES 18 Aug11118 POD 4 Aug 4361 PEBD 
13 Trn 1 312 GRT 24 May 4768 EBO 12 May 3040 PBD 
14 Trn 1 RNG GRT 13 May 3217 PBD 
15 Trn 1 RNG ATK 26 May 4820 EBO 11 May 2849 PBD 
16 Trn 1 312 AND 
17 Trn 1 ANC SIMD27 May 4843 MBD 
18 Trn 1 DES SIMD23 May 4655 MBD 
19 Trn 1 DES SIMI27 May 4843 EMBD 
20 Trn 2 RNG ATK 8 Jul 5966 MBD 
21 Trn 2 312 AND 6 Jul 5566 MBD 
22 Trn 2 ANC STMD15 Jul 7173 MBL 
23 Trn 2 DES SIMD 6 Jul 5566 EMBL 
24 Trn 2 DES SIMI 3 Jul 4970 EBL 
25 Trn 3 RNG ATK 
26 Trn 3 312 AND 15 Aug 5437 MBD 
27 Trn 3 DES SIMI31 Aug 7271 MLBL 
29 Trn 4 312 AND 
30 BYU 1 312 25 May 6248 MBD 
31 BYU 1 ANC 21 May 5865 EMBD 
32 BYU 1 DES *18 May 5497 EBO 
33 BYU 1 312 FLO 22 May 5917 MBD 
34 BYU 2 312 * 7 Jul 7230 MBD 
16 May 3782 PBD 
24 Jun 3189 EBO 
25 Jun 3359 EBO 
25 Jun 3359 EBO 
22 Jun 2809 EBO 
22 Jun 2809 EBO 
8 Aug 3144 PEBD 
3 Aug 3295 PEBD 
10 Aug 3425.MBD 
19 Sep 4828 PBD 
11 May 3999 PEBD 
13 May 4450 EBO 
13 May 4450 EBO 
13 May 4450 EBO 
35 BYU 2 ANC * 7 Jul 7230 MBD 5 Jul 6788 MBD 
36 BYU 2 DES 6 Jul 7002 MBD 3 Jul 6299 MBD 
37 BYU 2 312 FLO* 9 Jul 7702 MBD 3 Jul 6299 MBD 
38 BYU 3 312 12 Jul 6411 MLBD 
39 BYU 3 ANC 7 Aug 5214 MBD 
Date AGDH Stage 
31%ADF 
*27 May 4783 MBD 
*25 May 4691 MBD 
*25 May 4691 MBD 
* 6 Jul 5292 MBD 
*30 Jun 5096 MBD 
*20 Aug 6838 MBD 
*19 Aug 7270 MBD 
* 8 Aug 5156 EBO 
*16 May 3782 PBD 
*20 May 4425 PBD 
*15 May 3576 PBD 
*19 May 4311 PBD 
*23 May 4655 EBO 
*29 Jan 4114 EBD 
* 1 Jul 4576 EMBD 
* 2 Jul 4768 EBL 
*27 Jun 3674 EBO 
*26 Jun 3512 EBO 
*11 Aug 3613 EBO 
* 7 Aug 4023 EBO 
*13 Aug 3993 MLBD 
*16 May 5164 EBO 
*17 May 5370 EBO 
21 May 5865 EMBD 
*16 May 5164 EBO 
8 Jul 7481 MBD 
* 7 Jul 7230 MBD 
* 5 Jul 6788 MBD 
* 9 Jul 7702 MBD 
40 BYU 3 DES 7 Aug 5214 MBD *16 Aug 7325 LBD 
41 BYU 3 312 FLO 8 Aug 5456 MBD *11 Aug 6163 MBD 
F+T #=fig. and tab. number in appendices; LC= location; HV = harvest; 
VAR= variety; PLC= place; AGDH = accumulated growing degree hours; Nep 
= Nephi, UT; Trn = Trenton, UT; BYU = Brigham Young University farm; CP 
= crude protein; ADF = Acid detergent fiber; 312 = WL-312, ANC = Anchor, 
DES= Deseret, RNG = Ranger; GRT = Grant, ATK = Atkinson, AND= Andrew, 
SIMD= Simmonds (dryland), SIMI= Simmonds (irrigated), FLO= field; PBD 
= prebud, PEBD = pre to early bud, EBO = early bud, EMBD = early to 
midbud, MBD = midbud, MLBD = mid to late bud, LBD = late bud, LBDEBL = 
late bud to early bloom, EBL = early bloom, EMBL = early to mid bloom, 
MBL = midbloom, MLBL = mid to late bloom, POD= pod;*= est. har. date. 
41 
Morphological Growth 
Stage of Development 
The morphological growth stages at the estimated optimal harvest 
times were examined to determine which stage indicated optimal harvest 
time most often {Table 1). The most frequently occurring growth stage 
can be used as a gauge to estimate when the various components are at 
their optimum for harvest. Prebud stage occurred 12.5% of the estimated 
optimal harvest dates, early bud 34.4%, early to midbud 3%, midbud 41%, 
mid to late bud 3%, late bud 3%, and early bloom 3%. The growth stages 
that best indicated the optimal harvest time of alfalfa to maximize 
quality and yield were early and midbud. Midbud is the best indicator. 
Midbud stage of alfalfa was best characterized by elongation of the 
peduncle. The inflorescence of Jlfalf~ is a raceme having many 
Raceme of open 
flowers 
Unfolding leaf at---~\ 




Middle leaflet of 
axillary leaf 
11 
___ Unfolding leaf 
Figure 2. Diagram of alfalfa shoot at the midbud stage (adapted from 
Kalu, et al. 1987) (33). 
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individual flowers supported by a pedicel, which is the stalk attached 
to the rachis the central member of the inflorescence. The entire 
inflorescence is supported by the peduncle, which is the stalk attached 
to the main stem (Figure 2) (33). 
Elongation of the peduncle was first observed in the first, second, 
or third axillary bud position from the apex of the stem with the second 
and third occurring most often. This is due to the indeterminate type 
growth habit of alfalfa, which makes the youngest bud nearest the apex 
with older axillary buds being the first to develop, bloom and set seed. 
Alfalfa growers and researchers who expect to accurately assess the 
average growth stage of a harvest must walk the field to observe the 
elongating peduncles and bloom of the older axillary buds because of 
their low position on the stem. When a few plants are first observed to 
have elongation of peduncles preparations to harvest should be made. 
Only a few days are required before the average plant in the stand will 
exhibit elongation of peduncles, which is the criteria used to describe 
midbud stage in this thesis. 
It was observed that there was little or no difference in the 
timing of the various morphological growth stages between all alfalfa 
varieties, except where moisture stress was observed. Different 
varieties at the same site exhibited the same morphological growth stage 
at the same time. Long term moisture stress on field margins caused by 
lack of irrigation caused alfalfa to mature earlier than alfalfa not 




The average AGDH observed at each of the three criteria (Table 1.) 
used in estimating optimal harvest date are shown in Table 2. The 
average coefficients of variation CV are: 15.2% for locations, 20.2% for 
harvests, and 13.8% for varieties. Coefficient of variation for the 
AGDH is the lowest on the average for varieties, indicating that the 
variety models may be the most accurate. The rank of the various height 
models from least accurate to most accurate could perhaps be placed in 
the following order based on the average CV: general, harvest, location, 
and variety. High CV indicated the model had high variability and was 
less likely to make accurate predictions than models with lower CV. 
Table 2. Average accumulated growing degree hours for estimated 
optimal harvest date. 
Model Type Factors Ave. Ave.AGDH Ave.AGDH Ave.AGDH 





First Hvt. VAR, 
Second Hvt. VAR, 
Third Hvt. VAR, 
Fourth Hvt. VAR, 
WL-312 HVT, 
Anchor HVT, 
Anchor Dry HVT, 
Deseret HVT, 
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Ave. = average; CV = coefficient of variation; AGDH = accumulated 
growing degree hours; CP = crude protein; ADF = acid detergent fiber; 
VAR = all varieties; HVT = all harvests; LOC = all locations; Dry = 
dryland. 
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NIRS and Wet Chemistry Testing 
Thirty alfalfa samples were selected from those previously tested 
using the NIRS unit operated by USU Cooperative Extension Service. 
These samples were representative of the broad range of maturities, 
locations, and varieties in this study. Twenty-five samples were used 
as a test for significance of levels of CP, ADF, and DM and the other 
five samples, each of which were just portions of one sample, were used 
as a check of variability within the laboratory. 
Table 3. Analysis of variance for test of significant differences 
between NIRS and wet chemistry laboratories. 
Source Degrees of Sum of Squares Mean Square 
Freedom 









































levels of CP. 
70.84 2.45 
279.97 
between labs for levels of ADF. 




between labs for levels of DM. 




F = f value; FC = critical f value above which there is statistical 
difference from 0.05 level statistical table. 
The statistical design ·of the experiment was a randomized block 
design with laboratories as treatments and samples as blocks. Table 3 
contains the analysis of variance (ANOVA) information for three tests 
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involving CP, ADF, and OM. Table 4 contains least significant 
difference (LSD) and the average value for the various factors to be 
tested for comparisons between individual labs using multiple mean 
comparisons. 
There was significant difference at the .05 level between all 
Laboratories for CP. As expected, there was no significant difference 
for CP between the first testing, which was the original analysis of the 
sample and the second test to determine significant differences. 
Table 4. Least significant differences and average sample values. 
Factor LSD .05 Lab Average 
Crude Protein .3527 USU NIRS First Test 23.0 
USU NIRS Second Test 23.0 
SOU NIRS 22.6 
USU Soil 21. 9 
ARS NIRS 20.5 
Acid Detergent Fiber .7298 USU NIRS First Test 29.2 
USU NIRS Second Test 29. 3 
SOU NIRS 28. 9 
USU Soil 29.8 
ARS NIRS 29.3 
Dry Matter .2467 USU NIRS First Test 93.6 
USU NIRS Second Test 93.0 
SOU NIRS 93.0 
USU Soil 92.7 
ARS NIRS 92 .3 
USU= Utah State University Cooperative Extension Service; SOU= State 
of Utah Hay Analysis Service; Soils = Soils Testing Laboratory (wet 
chemistry); ARS = Agriculture Research Service, Skaggs facility; NIRS = 
near infrared reflectance spectroscopy. 
The Utah State University (USU) Cooperative Extension NIRS 1 aboratory 
was used to analyze the alfalfa samples discussed in this thesis. There 
is a high degree of correlation between the laboratories of at least 
.984 or higher. For ADF there was no significant difference at the .05 
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1 eve 1 between 1 aboratori es. There was significant difference between 
1 aboratori es for OM except USU NIRS second test and State of Utah Hay 
Analysis Service (SOU) NIRS. There were no significant differences 
between the test results from the five subsamples within any of the 
laboratories. 
Modeling and Tests of Models 
Developing a simple model is not a simple process . During data 
analysis and model development it became apparent that several initial 
assumptions re qui red changes and several concepts were more important 
than originally anticipated. This necessitated corrections and 
adjustments in the methodology for developing the models requiring 
extensive recalculations of data. 
Height models were generated by calculating the average AGDH and 
coefficient of variation (CV) that occurred at 5 cm increments of shoot 
height. Table 5 contains a general purpose height model developed by 
averaging the AGDH per 5 cm increment of height from all locations, 
harvests, and varieties. This model is most adaptable to all situations 
because of its diverse makeup, but is also the least likely to be 
accurate in all situations as indicated by the high average CV of 24.7%. 
Table 5 also contains height models developed for all the varieties from 
all harvests and locations in this study. They are more likely than the 
general height model to make accurate predictions of harvest quality (CV 
= 12.4%). 
Height models in Table 6 were developed for each harvest from all 
varieties and locations. These too are more likely to make accurate 
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Table 5. General and variety height models. 
I S 20 25 30 JS 40 45 50 55 60 65 70 75 80 85 90 
General model deYeloped from all lo c ations, varieties , and harvests. 
n 11 1 7 27 29 32 34 30 28 22 
AVE RGOH 1511 2145 2766 :1165 3818 42'30 4722 5038 5359 
CU24.7 CU 30.3 21.1 24 24.9 22.9 23.7 22 2 1.3 25.5 
Varieb:1 1r,odel for ~ll-31 2 de veloped from al 1 locations and harvests. 
n 1 5 11 11 12 12 10 9 6 
AVE AGOH 151 E, 2348 2927 3519 4108 4680 5050 5298 5424 
CV16.8 Clvl 12 19.3 18.5 18.4 20.2 18.3 18.7 17.5 
1Jariety model for Anch,:ir devel,:iped fn:im al 1 locations and harvests. 
n 1 4 4 5 5 4 -) "-
AVE AGOH 2517 3269 3626 43 1:3 4875 ~593 6084 






















1Jariety model for- dryland Rncho:ir- developed from first and s econd harve s ts at Trenton, Utah. 
n 1 1 1 1 1 1 1 1 1 1 1 1 
AVE AGOH 2009 2471 2809 3189 351 2 3674 4114 4576 4970 5764 6861 12104 
ClJ CV 
Variety model for Oeseret deYeloped fn:im al 1 1 oc .:it i ans and harvests. 
n 2 3 4 6 7 6 7 E, 5 4 2 2 
A~JE RGOH 1709 2262 2543 3275 3837 4180 4696 5045 5537 5652 4741 5504 
CV14.3 CV 17.6 5.4 8.6 17.7 18.6 17.4 l '3. 9 21. 4 22.3 21. 4 0.6 6. 1 
Varieti:1 model for dn::1land Deseret deYeloped fn:,m first and second harvests at Trenton, Utah. 
n 1 1 1 1 1 1 1 1 2 2 2 1 
Al,,IE AGOH 2009 22'36 2648 2998 3359 :3674 4114 4576 4698 5210 5827 '3024 
C1Jll.4 CV 5.8 10.6 17.8 
Varieb:1 mo:,del for Ranger developed from a 11 locations and harvests. 
n 1 1 1 2 1 2 2 2 1 
AVE AGDH 977 1475 1668 1837 2366 26'35 3572 4165 4486 







cm= centimeters; AVE = average; CV= coefficent of vari~tion; n = number of values averaged; AGOH = 
accumulated growing degree hours. 
Table 6. Harvest height models. 
i:,n l '.:; -1r I :::~ 40 45 50 55 60 65 70 75 80 85 90 
Harvest model for first harvest developed from all locations and varieties. 
n 6 6 6 7 7 8 7 8 5 3 2 1 1 
AVE AGOH 1325 1921 2360 2626 3451 :3791 4266 4498 4563 4735 4932 5730 7010 
CU16.l CV 31.5 27.3 21.8 26.5 18.8 20.7 14 11 2.3 1.2 2.8 
Harvest model for second h.3rvest:. devel,::iped from all locations and varieties. 
n 2 5 5 8 9 10 8 7 6 4 3 
A1.JE AGOH 2384 2545 2949 3719 4321 4958 5210 5410 5902 6537 85'36 
CU12.7 C'J 3.7 6.8 6.2 22.7 24.3 20.6 18. 1 12. 1 9.6 10.4 6.2 
Hai-vest model for thi,-d ha, -vest developed from all locations and varieties. 
n 5 5 6 7 7 8 6 4 4 
R',IE AGOH 27131:i 3082 3513'3 4062 5032 5412 6215 7616 8504 
CV24.0 CV 24 20.5 19 19.2 16. 1 18.4 28.7 34.2 35.9 
Harvest model for fourth harvest developoed from all locations and varieties. 
n 1 4 4 3 • 2 1 
AVE AGOH 2433 3462 3%9 4486 5172 5530 
C'J 8.3 CV 14.2 13.2 5.8 
cm= centimeters; AVE = average; CV= coefficent of variation; n = number of values averaged; AGDH = 
accumulated gn:,wing degree hours. 
Table 7. Location height models. 
Location ~odel for Nephi, Utah developed from all vari~ties and harvests. 
n 1 1 6 6 7 8 7 6 6 6 
AVE AGOH 1516 217'3 2584 3098 3537 4028 4503 5101 6175 7078 
CV14.6 CV 5.3 4.8 5.3 10.2 6.2 10.2 27.2 32.7 
Location ~odel for - Trenton, Utah developed from all varieties and harvests. 
n :3 8 9 10 9 9 9 11 10 5 
AVE AG□H 1233 1 9'31 2277 2554 2989 3132 3650 4119 4477 4592 







Location model for Spanish Fot-k, Utah developed from all varieties and harvests. 
n 4 8 9 12 13 10 7 2 2 
A1JE AGOH 2599 3441 4013 4691 5314 581.4 6240 6597 65133 












c:m = centimeters; AVE = average; CI...I = coefficent of variation; n = number of values ,3•,..eraged; AGOH = 
accumulated growing degree hours. 
predictions than the general model as demonstrated by the average CV of 
15.3%. Location height models in Table 7 with an average CV of 12.6% 
are also likely to be more accurate than the general model. 
Tables 8 and 9 contain height models developed specifically from 
Nephi data. The Nephi data were used to test this modeling method by 
predicting various height increments, maturity, and nutrient content of 
alfalfa at Trenton and Spanish Fork (BYU farm), Utah. The actual data 
were used to determine the accuracy of the Nephi models, which al so 
indicate the general accuracy of this modeling method. Table 8 contains 
a general purpose height model developed from all varieties and harvests 
with a CV of 14.6% that is similar to the average CV of 11.1% for the 
variety height models developed from all harvests. Table 9 contains the 
... same general height model as in Table 8 for reference with the addition 
of harvest height models developed from all varieties. Variety models 
had a low CV of 6.0%. 
To make a very specific test of models the AGDH of the variety WL-
312 from separate harvests were used to test the same varieties and 
harvests at Trenton, and BYU. The AGDH of each of these specific Nephi 
height models are not averages but actual data and consequently do not 
have a CV associated with them (Table 10). 
As previously stated, the more locations, harvests, and varieties 
that can be included in a model the more versatile or adaptable to all 
situations the model becomes. However, it is more likely to be less 
accurate. The more specifically a model is developed the more likely it 
will make accurate predictions in similar situations, but its 
versatility is reduced by the limited data from which it was developed. 
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Table 8. General and variety height models for Nephi, Utah. 
-'II 
General model developed from all varieties and harvests at Nephi, Utah. 
n 1 1 6 6 7 8 7 6 6 6 
A1,JE RGDH 1516 21 79 2584 3098 3537 4028 4503 5101 6175 7078 
5.3 4_9 5.3 10_2 6.2 10.2 27.2 32.7 C1,Jl4. 6 C1,J 
Vari elt:1 mode 1 for ~~L-312 developed from all har-vests at Nephi, Utah. 
n l 1 3 3 3 3 3 3 3 3 
AVE RGOH 1516 2179 2554 3018 3455 3885 4451 5057 5662 6549 
[;1,J 9.9 CV 3.5 4.9 5.2 6.6 7 9.8 13.8 19 
1J.3r i elt:1 mode 1 for Anch,:ir developed from all harvests at Nephi, Utah. 
n 2 2 2 3 2 1 2 2 
A~-1E RGDH 266'3 3131 3486 4283 4587 4425 7127 8221 
CV19.0 CV 6. 8 2.8 3.4 11. 3 6.9 34.9 41.8 
1Jar i ety mode 1 for Deseret dev,;,loped from al 1 harvests ,3·t Nephi, Utah. 
n 1 1 2 2 2 2 1 1 
m.1E RGOH 2505 3273 3710 3859 4498 5506 5809 6377 































cm= centimeters; AVE= average; CV= coefficent of variation; n = number of values averaged; AGOH = 
accumulated growing degree hours. 
Table 9. General and harvest height models for Nephi, Utah. 
C lll 15 :HJ 40 45 50 05 60 
Gene ral model developed from all varietie s and harve s ts at Nephi, Utah. 
n 1 1 6 6 7 8 7 6 6 
AVE AGDH 1516 21 79 2584 30'38 35:J? 4028 4503 5101 61 75 
CV14.6 DJ 5.3 4.8 5.3 10.2 6.2 10.2 27.2 
Fir-st harvest model developed from al 1 '-•'at - i et i es at Nephi, Utah. 
n 1 1 2 2 2 2 2 ~) ,::_ 2 
A'-1E RGOH 1516 217'3 2765 3219 3605 3987 427.2 4482 4678 
CV 3.5 C',I 3. 1 0 IJ 1. 9 .o 1. 3 0.7 
Second harvest model developed from al 1 varieties at Nephi, Utah. 
n ") '- 2 3 3 :3 2 2 
RIJE AGDH 2486 2956 :3385 3868 4575 5092 57 26 
CV 4.0 CV 0 2 . 9 4.6 6.5 6.4 3.7 1. 4 
Thir -d har-v,?st model developed from all var-ietie s at Nephi ., Utah. 
n 1 1 1 3 2 2 -, c:. 
R1JE AGOH 2496 2'365 :3556 4214 4627 57:30 8120 
CV 12. 4C1J 1:3.4 5.7 0 18.4 
Fourth harvest . m,:idel deve l ,:,ped from all varieties at Nephi, Utah. 
n 1 1 1 





















































cm = centimeters; AVE= average; CV= c oeffi cent of variation; n = number of values averaged; AGDH = 




Table 10. Specific harvest and variety height models for Nephi, Utah. 
,-,r, 15 25 ·:10 40 45 50 55 bO 
Specific model for variety WL-312 of first harvest. 
h' C _._, 70 75 80 85 
AGDH 711 1516 2179 2679 3219 :3605 4063 4272 45:3'3 4713 4930 5730 7215 8918 10150 
Sp,:>ci fie model fi:ir v,ar-i ety l·lL--312 of second harvest. 
RGDH 2486 2870 :3204 3521 4189 4902 564:3 6772 7816 8915 
Specifi c model for- variety ~JL ·-312 c,f third harvest. 
AGOH 24% 2'365 3556 4071 4892 5729 6629 7945 9121 10477 12372 
cm = centimeters; AGDH = accumulated growing degree hours. 
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Height models developed for Nephi were used to predict Trenton and 
B.Y.U. data. This is the only practical way the modeling method could 
be tested with the current data. Results presented in Table 11 show 
there is great variability in the percent of acceptable predictions. 
The tests of the models were accomplished using the data contained 
in the appendices. The average AGDH at each 5 cm increment of shoot 
height of the models {Tables 4-10) were used as the starting point for 
each test. Next, the AGDH of the model were compared to the AGDH for 
the location, harvest and variety to be predicted. The AGDH and date 
from these AGDH tables that were the closest to each of the average AGDH 
for the height increments of the model were recorded. The difference in 
number of days between the predicted date and the observed date when the 
same height ,ncrement was_ reached was recorded. Predictions were 
acceptable if there were no more than 4 days difference between the 
predicted and the observed day the height increment was reached. 
The average percent acceptable predictions were 23% for · the Nephi 
general height model, 47% for the Nephi variety height models, 43% for 
the Nephi harvest height models, and 36% for specific Nephi data height 
models. This supports the idea that general height models are less 
likely to make accurate predictions while more specific height models 
tend to be more accurate. 
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Table 11. Test results using height models developed from Nephi, Utah 




L0C HVT VAR 
General NEP a 11 a 11 
Variety NEP all WL-312 
Variety NEP all Anchor 
Variety NEP all Deseret 
Harvest NEP 1st all 
Harvest NEP 2nd all 
Harvest NEP 3rd all 
Harvest NEP 4th all 
Specific NEP 1st WL-312 
Specific NEP 2nd WL-312 
Specific NEP 3rd WL-312 
Predicted 
L0C HVT VAR PLC 
% Acceptable 
Predictions 
TRN a 11 WL-312 
BYU all WL-312 
TRN all WL-312 
BYU all WL-312 
TRN 2nd Anchor, 
BYU 2nd Anchor 
TRN all Deseret, 
BYU all Deseret 
TRN 1st all 
BYU 1st all 
TRN 2nd all 
BYU 2nd all 
TRN 3rd all 
BYU 3rd all 
TRN 4th all 
BYU 4th all 
Simmonds, dryland 
Ranger 

















TRN 1st WL-312 Grant and Andrew 55 
BYU 1st WL-312 Plot and Field 46 
TRN 2nd WL-312 Andrew 
BYU 2nd WL-312 Plot and Field 
TRN 3rd WL-312 Andrew 





LOC = location; HVT = harvest; VAR= variety; PLC= place or farm; NEP = 
Nephi, Utah; TRN = Trenton, Utah; BYU = Brigham Young University farm 
near Spanish Fork, Utah. 
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CONCLUSIONS A DRECOMMENDATIONS 
Documentation of the change in nutrient content, yield, and growth 
stage of alfalfa was highly successful. Relationships between levels of 
crude protein, acid detergent fiber, dry matter, yield, and stage of 
growth for Utah grown alfalfa were established. Al fa l fa hay growers, 
users, and researchers will now have information necessary to make wise 
management decisions relating to producing, using, and marketing high 
quality alfalfa hay. This information is being made available through 
the Utah State University Cooperative Extension Service and Utah 
Department of Agriculture NIRS hay analysis program. 
The ASYMCUR height models developed for alfalfa in this study made 
~bout 37% acceptabl~ predictions on the average when predictin~ trenfon 
and B. Y. U. data when only using Nephi data for generation of the test 
models. As shown by the data in Table 11 the range of acceptable 
predictions is from 0-100%. The general height Nephi model made 23% 
acceptable predictions, 47% for the Nephi variety height models, 43% for 
Nephi harvest height models, and 36% for specific Nephi data height 
models. General height models were less likely to make acceptable 
predictions than more specific models. 
It is suggested that the multiple stresses related to high 
temperature that reduce the growth rate of alfalfa result in higher 
l eve 1 s of AGDH for harvests grown during the hottest portion of the 
growing season, namely second and third harvests. Further studies could 
show how to take into account these stresses by developing stress factor 
F in equations 1 and 2 (page 27) used in calculating the AGDH. This 
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stress factor could compensate for the stresses that have 1 ed to the 
high variability and low percentage of acceptable predictions made by 
the ASYMCUR model for alfalfa. 
It is also suggested that difficulties encountered while collecting 
the data may further contribute to the high variability and low 
percentage of acceptable predict ions. These include determinations of 
when regrowth began and using weather data from the off i c i a 1 
climatological station in calculating AGDH for BYU farm due to 
malfunction of on-site data logger. 
Several things that could be done in future studies that may 
imp rove the percent of accept ab 1 e predictions of a lf a 1 fa growth using 
the ASYMCUR modeling concept and reduce the effort required include: 
1. Gather more data on cardinal temperatures for alfalfa perhaps 
by conducting a more extensive 1 i terature review and 
experiments in growth chamber and the field. 
2. Conduct related reviews and experiments to identify the 
various stresses that are occurring in relation to high 
temperatures, particulary moisture, and to account for their 
influence by developing stress factor F. 
3. Collect detailed information to more closely estimate when 
regrowth begins following harvest of previous crop. This 
could be done by making daily observations including a 
photographic record, measured heights of any regrowth, and 
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written description of observations of each variety at each 
location. 
4. Install data loggers at each site from beginning to the end of 
calendar year to get the most accurate weather data possible 
rather than relying on official climatological stations. It 
would also be highly advantageous to record solar radiation, 
harvest canopy and soil temperatures, precipitation, 
irrigation, and evapotranspiration, soil moisture, etc .. 
5. Plots of alfalfa varieties of interest could be established in 
Millard, Cache, Box Elder, and Iron counties, which are the 
largest alfalfa _ Pf'.Oducing counties in Utah (48). Each site 
should have as uniform local conditions as possible. Each of 
three or four varieties could be planted in quarter acre plots 
replicated four times. Each site should be carefully managed 
to avoid any stress from fertility, insects, water, etc. Each 
variety should be harvested the same day to simplify the 
calculations required for AGDH. A portion of each replicate 
should be left standing to provide material to sample beyond 
the regular harvesting period. 
6. Generate other AGDH model types, such as nutrient and stage 
models, to determine if variability could be reduced and the 
percent acceptable predictions increased. 
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7. All other techniques and processes such as quality and yield 
sampling, data analysis, model development and testing, etc. 
worked well and similar procedures should be followed. 
Due to the high variability and the low percentage of acceptable 
predictions, the alfalfa height models generated using the ASYMCUR 
concepts that appear in this thesis are not able to effectively predict 
growth of alfalfa. The ASYMCUR modeling concept has effectively 
predicting plant growth in such crops as Tomatoes, corn, beans, and 
safflower that are only harvested once. The attempt at generating 
ASYMCUR models for alfalfa as reported in this thesis did not adequately 
meet the requirements for developing accurate models. However they do 
represent an excellent basis for further studies. 
A new attempt in gathering data and generating models using 
methodology reflecting the things discovered by this attempt will 
probably reduce the variability and increase the percentage of 
acceptable predictions significantly. Particular attention must be paid 
in further studies to multiple harvest of alfalfa, especially 
determining when regrowth occurs to begin accumulation of GOH. Al so 
several assumptions that were made at the beginning of this study need 
to be more closely examined because they may not have been correct and 
could cause variability and reduce the percentage of acceptable 
predictions. They include: adequate soil moisture and fertility for 
optimal crop growth, weather shelter temperatures as an adequate index 
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Appendix A. ·samples, Harvest, 
and Yield Data Tables 
Note: Information provided in tales A.l-A.45 have been graphed to 
facilitate visual comparisons of relationships between the 
various quality and yield factors of alfalfa. These can be 
seen as figures B.l-B.45 in appendix B. Fruit date refers to 
a system used by the ASYMCUR computer software to number 
calendar days consecutively, similar to Julian calender except 
beginning I September. 
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Table A.1. Alfalfa samples, of the variety WL-312, collected from 
first harvest in 1987 at Nephi, Utah. 
NIRS FRUIT SAMPLING HEIGHT %CP %ADF %OM MORPHOLOGICAL 
STAGE SAMPLE# DATE DATE cm 
---- ------ ------ --------- ----- --------- ------ ---------------------------
108-9 238 26 Apr 15 32.94 13. 96 19.9 Prebud 
114-5 251 9 May 27 25.54 21.89 19.9 Prebud 
120-1 258 16 May 42 25.39 26.29 19.2 Pre to Early Bud 
126-7 265 23 May 56 22.28 28 64 30.0 Early to Midbud 
132-3 284 11 Jun 75 16.50 37.49 26.7 Early to Midbloom 
134-5 287 14 Jun 75 17.89 37.37 27.7 Mid to Late Bloom 
140- 1 293 20 Jun 81 16.07 38.43 30.6 Late Bloom 
146-7 300 27 Jun 86 16.53 37.98 28.9 Pod 
Table A.2. Alfalfa samples, of the variety Anchor, collected from 
first harvest in 1987 at Nephi, Utah. 
NIRS FRUIT SAMPLING HEIGHT %CP o/oADF %OM MORPHOLOGICAL 








238 26 Apr 17 
251 9 May 25 
258 16 May 43 
265 23 May 56 
287 14 Jun 81 
293 20 Jun 84 
300 27 Jun 84 
31.43 15.77 19.6 Prebud 
24.64 22.78 20.0 Prebud 
23.04 27.74 19.7 Pre to Early Bud 
21.63 29.30 20.5 Early to Midbud 
17.04 38.71 27.9 Mid to Late Bloom 
16.08 39.44 30.5 Late Bloom 
17. 78 36.72 28.6 Pod 
Table A.3. Alfalfa samples, of the variety Deseret, collected from 
first harvest in 1987 at Nephi, Utah. 
NIRS FRUIT SAMPLING HEIGHT %CP %ADF %OM MORPHOLOGICAL 








238 26 Apr 18 
251 9 May 41 
258 16 May 56 
265 23 May 71 
287 14 Jun 85 
293 20 Jun 94 
300 27 Jun 94 
31.52 14.19 18.7 Prebud 
25.35 23.39 17.4 Prebud 
23.69 27.98 17.5 Early Bud 
22.10 30.15 19.8 Early to Midbud 
17.51 37.48 27.1 Mid to Late Bloom 
15.60 40.48 29.2 Late Bloom 
17.62 35.98 26.7 Pod 
------------------ ------------- ----------------------------------------
CP = crude Protein; ADF = acid detergent fiber; DM = dry matter; * = 
data that doesn't follow the general trend and may be incorrect. 
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Table A.4. Alfalfa samples, of the variety WL-312, collected from 
second harvest in 1987 at Nephi, Utah. 
------------------------------------------------------------------------
NIRS FRUIT SAMPLING HEIGHT %CP %ADF %OM MORPHOLOGICAL 
SAMPLE# DATE DATE cm STAGE 
------------------------------------------------------------------------
152-3 293 20 Jun 27 26.33 22.04 20.7 Pre to Early Bud 
158-9 300 27 Jun 46 25.47 26.55 19.8 Early to Midbud 
164-5 309 6 Jul 53 21.59 29.94 22.0 Midbud 
170-1 314 11 Jul 66 19.51 34.04 22.2 Lat Bd to Erly Bl 
174-5 318 15 Jul 67 19.13 35.28 23.4 Early to Midbloom 
178-9 326 23 Jul 74 17.90 37.05 26.1 Late Bloom 
182-3 337 3 Aug 79 16.79 38.04 26.8 Pod 
Table A.5. Alfalfa samples, of the variety Anchor, collected from 
second harvest in 1987 at Nephi, Utah. 
NIRS FRUIT SAMPLING HEIGHT %CP 
SAMPLE# DATE DATE cm 
154-5 293 20 Jun 27 27.03 
160-1 300 27 Jun 41 25.32 
166-7 309 6 Jul 52 21. 31 
%ADF %OM MORPHOLOGICAL 
STAGE 
20.99 20.7 Pre to Early Bud 
26.60 19.8 Early to Midbud 
29.16 22.5 Midbud 
Table A.6. Alfalfa samples, of the variety Deseret, collected from 
second harvest in 1987 at Nephi, Utah. 
------------------------------------------------------------------------
NIRS FRUIT SAMPLING HEIGHT %CP %ADF %OM MORPHOLOGICAL 
SAMPLE# DATE DATE cm STAGE 
------------------------------------------------------------------------
156-7 293 20 Jun 36 25.86 23.51 18.3 Pre to Earlybud 
162-3 300 27 Jun 47 23.31 30.35 19.7 Early to Midbud 
168-9 309 6 Jul 64 20.10 31.22 21. 9 Mid to Late Bud 
172-3 314 11 Jul 70 18 .12 35.90 22.7 Lat Bd to Erly Bl 
176-7 318 15 Jul 77 17.88 37.63 24.5 Midbloom 
180-1 326 23 Jul 84 16.81 37.64 27.1 Late Bloom 
184-5 337 3 Aug 91 16.62 37.94 27.5 Pod 
191 342 8 Aug 91 18.62 35.57 28.9 Pod 
CP = crude Protein; ADF = acid detergent fiber; OM = dry matter; * = 
data that doesn't follow the general trend and may be incorrect. 
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Table A.7. Alfalfa samples, of the variety WL-312, collected from 
third harvest in 1987 at Nephi, Utah. 
------------------------------------------------------------------------
NIRS FRUIT SAMPLING HEIGHT %CP o/oADF %OM MORPHOLOGICAL 
SAMPLE# DATE DATE cm STAGE 
------------------------------------------------------------------------
192-3 332 29 Jul 29 29.82 21.20 17.0 Prebud 
198-9 342 8 Aug 46 24.95 28.67 19.8 Early Bud 
204-5 348 14 Aug 58 23.03 29. 71 21.5 Early Bud 
210-1 353 19 Aug 57 21.81 29.98 23.4 Midbud 
215-6 360 26 Aug 51 20.96 31.29 25.2 Lat Bd to Erly Bl 
220-1 365 31 Aug 69 20.15 33.09 24.9 Midbloom 
225-6 370 5 Sep 72 18.75 32.54 27.2 Late Bloom 
230-1 382 17 Sep 81 18.74 33.36 28.6 Pod 
235-6 391 26 Sep 75* 18.14 37 .19 28.7 Pod 
Table A.8. Alfalfa samples, of the variety Anchor, collected from 
third harvest in 1987 at Nephi, Utah. 
NIRS FRUIT SAMPLING HEIGHT %CP %ADF %OM MORPHOLOGICAL 
STAGE SAMPLE# DATE DATE cm 
194-5 332 29 Jul 33 28.Q2. 23 . .14 18.4 Prebud 
200-1 342 8 Aug 46 23.64 29.60 22.1 Early Bud 
2M-7 3·48 14 Aug 53 23.21 27.96 22.9 Early Bud 
212 353 19 Aug 51 22.53 29.33 *25.2 Midbud 
217 360 26 Aug 58 20.70 32.56 23.6 Lat Bd to Erly Bl 
222 365 31 Aug 51 20.94 31.52 27.1 Midbloom 
227 370 5 Sep 61 19 .15 32.42 28.9 Late Bloom 
232 382 17 Sep 69 21. 23 *28. 30 29.5 Pod 
237 391 26 Sep 56 19.35 35.23 30.8 Pod 
Table A.9. Alfalfa samples, of the variety Deseret, collected from 
third harvest in 1987 at Nephi, Utah. 
NIRS FRUIT SAMPLING HEIGHT %CP %ADF %OM MORPHOLOGICAL 










332 29 Jul 38 
342 8 Aug 55 
348 14 Aug 58 
353 19 Aug 52 
360 26 Aug 55 
365 31 Aug 55 
370 5 Sep 58 
382 17 Sep 69 
391 26 Sep 67 
27.11 24.18 16.9 Prebud 
22.33 32.72 20.2 Early Bud 
21.52 31.10 23.2 Early Bud 
21.50 31.61 24.4 Midbud 
20.50 31.99 27.3 Lat Bd to Erly Bl 
20.62 31.73 27.3 Late Bloom 
19.97 30.50 27.8 Pod 
19.27 31~52 29.8 Pod 
17.39 39.80 31.6 Pod 
CP = crude Protein; ADF = acid detergent fiber; DM = dry matter; * 
data that doesn't follow the general trend and may be incorrect. 
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Table A.10. Alfalfa samples, of the variety WL-312, collected from 
fourth harvest in 1987 at Nephi, Utah. 
NIRS FRUIT SAMPLING HEIGHT %CP %ADF %OM MORPHOLOGICAL 




376 11 Sep 33 
382 !17 Sep 32 
391 26 Sep 33 
24.45 24.98 24.8 Early Bud 
31.43 17.73 18.7 Early Bud 
27.43 24.84 20.8 Early to Midbud 
Table A.11. Alfalfa samples, of the variety Anchor, collected from 
fourth harvest in 1987 at Nephi, Utah. 
NIRS FRUIT SAMPLING HEIGHT %CP %ADF %OM MORPHOLOGICAL 




376 11 Sep 34 
382 !17 Sep 30 
391 26 Sep 32 
23.35 26.96 27.3 Early Bud 
27.73 20.64 22.3 Early Bud 
24.50 28.63 23.1 Early to Midbud 
Table A.12. Alfalfa samples, of the variety Deseret, collected from 
fourth harvest in 1987 at Nephi, Utah. 
NIRS FRUIT SAMPLING HEIGHT %CP %ADF %OM MORPHOLOGICAL 
STAGE SAMPLE# DATE DATE cm 
------------------------------------------------------------------------
240-1 365 31 Aug 29 30.10 19.85 16.8 Prebud 
242-3 370 5 Sep 37 27.66 21.09 18.8 Pre to Early Bud 
248-9 376 11 Sep 44 21.58 30.34 28.3 Early Bud 
254-5 382 ! 17 Sep 46 24.73 24.82 22.9 Early to Midbud 
260-1 391 26 Sep 46 24.19 29.06 23.2 Early to Midbud 
Table A.13. Alfalfa samples, of the variety WL-312, collected from 
first harvest in 1987 at Grant farm Trenton, Utah. 
NIRS FRUIT SAMPLING HEIGHT %CP %ADF %OM MORPHOLOGICAL 





239 27 Apr 19 
253 11 May 41 
261 19 May 53 
267 25 May 58 
27.78 24.10 18.5 Prebud 
24.41 28.33 18.3 Prebud 
21.37 32.09 19.0 Prebud 
19.84 31.54 20.9 Early Bud 
CP = crude Protein; ADF = acid detergent fiber; DM = dry matter; * = 
data that doesn't fo 11 ow the general trend and may be incorrect; ! = 
slight freeze damage. 
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Table A.14. Alfalfa samples, of the variety Ranger, collected from 
first harvest in 1987 at Grant farm Trenton, Utah. 
NIRS FRUIT SAMPLING HEIGHT %CP %ADF %OM MORPHOLOGICAL 
STAGE SAMPLE# DATE DATE cm 
------------------------------------------------------------------------
22 239 27 Apr 20 27.14 24.12 18.2 Prebud 
25 253 11 May 46 23.99 28.08 18.0 Prebud 
28 261 19 May 51 21. 76 31.15 19.7 Prebud 
35 267 25 May 58 22.05 30.49 20.9 Early Bud 
Table A.15. Alfalfa samples, of the variety Ranger, collected from 
first harvest in 1987 at Atkinson farm Trenton, Utah. 
NIRS FRUIT SAMPLING HEIGHT %CP o/oADF %OM MORPHOLOGICAL 
SAMPLE# DATE DATE cm STAGE 
------------------------------------------------------------------------
23 239 27 Apr 20 27. 77 24.18 17.1 Prebud 
26 253 11 May 48 23.89 28.85 16.6 Prebud 
29 261 19 May 58 22.30 32.41 16.4 Prebud 
36 267 25 May 62 20.42 32.73 19.7 Early Bud 
· Table A.16. Alfalfa samples, of the variety WL-312, collected from 
first harvest in 1987 at Andrew farm Trenton, Utah. 
NIRS FRUIT SAMPLING HEIGHT %CP %ADF %OM MORPHOLOGICAL 
STAGE SAMPLE# DATE DATE cm 
30 
37 
261 19 May 53 
267 25 May 66 
22.97 30.88 16.3 Prebud 
21.14 31.64 17.6 Early to Midbud 
Table A.17. Alfalfa samples, of the variety Anchor (dryland), collected 
from first harvest in 1987 at Simmonds farm Trenton, Utah. 
NIRS FRUIT SAMPLING HEIGHT %CP %ADF %OM MORPHOLOGICAL 
STAGE SAMPLE# DATE DATE cm 
32 
39 
261 19 May 51 
267 25 May 57 
22.13 31.37 20.7 Early Bud 
20.60 31.94 23.1 Midbud 
CP = crude Protein; ADF = acid detergent fiber; OM = dry matter; * 
data that doesn't follow the general trend and may be incorrect. 
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Table A.18. Alfalfa samples, of the variety Deseret (dryland), 
collected from first harvest in 1987 at Simmonds farm Trenton, Utah. 
NIRS FRUIT SAMPLING HEIGHT %CP o/J\DF %OM MORPHOLOGICAL 
STAGE SAMPLE# DATE DATE cm 
31 
38 
261 19 May 58 
267 25 May 69 
21.31 31.92 21.6 Early Bud 
19.20 32.09 23.0 Midbud 
Table A.19. Alfalfa samples, of the variety Deseret (irrigated), 
collected from first harvest in 1987 at Simmonds farm Trenton, Utah. 
NIRS FRUIT SAMPLING HEIGHT %CP %ADF %OM MORPHOLOGICAL 
STAGE SAMPLE# DATE DATE cm 
33 
40 
261 19 May 56 
267 25 May 60 
22.52 29.94 18.8 Prebud 
20.55 31.55 19.6 Early Bud 
Table A.20. Alfalfa samples, of the variety Ranger, collected from 
second harvest in 1987 at Atkinson farm Trenton, Utah. 
NIRS FRUIT SAMPLING HEIGHT %CP o/J\DF %OM MORPHOLOGICAL 
STAGE SAMPLE# DATE DATE cm -




289 16 Jun 18 
298 25 Jun 33 
310 7 Jul 64 
28.24 25.69 17.8 Prebud 
23.98 29.30 18.3 Early Bud 
20.19 34.17 20.9 Midbud 
Table A.21. Alfalfa samples, of the variety WL-312, collected from 
second harvest in 1987 at Andrew farm Trenton, Utah. 
NIRS FRUIT SAMPLING HEIGHT %CP o/J\DF %OM MORPHOLOGICAL 




289 16 Jun 23 
298 25 Jun 46 
310 7 Jul 76 
25.92 28.28 17.1 Prebud 
23.64 29.00 16.0 Early Bud 
19.77 33.98 21.2 Midbud 
CP = crude Protein; ADF = acid detergent fiber; DM = dry matter; * 
data that doesn't follow the general trend and may be incorrect. 
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Table A.22. Alfalfa samples, of the variety Anchor (dryland), collected 
from second harvest in 1987 at Simmonds farm Trenton, Utah. 
------------------------------------------------------------------------
NIRS FRUIT SAMPLING HEIGHT %CP %ADF %OM MORPHOLOGICAL 
SAMPLE# DATE DATE cm STAGE 
------------------------------------------------------------------------
44 289 16 Jun 18 27.36 26.97 22.6 Prebud 
49 298 25 Jun 38 25.04 28.92 24.5 Early Bud 
54 310 7 Jul 71 21.36 32.46 29.0 Early to Midbloom 
57 334 31 Jul 71 19.56 32.77 32.7 Midbloom 
59 340 6 Aug *64 18.79 33.54 35.4 Late Bloom 
61 347 31 Aug 76 18.82 34.37 33.8 Late Bloom 
Table A.23. Alfalfa samples, of the variety Deseret (dryland), 
collected from second harvest in 1987 at Simmonds farm Trenton, Utah. 
------------------------------------------------------------------------
NIRS FRUIT SAMPLING HEIGHT %CP %ADF %OM MORPHOLOGICAL 
SAMPLE# DATE DATE cm STAGE 
------------------------------------------------------------------------
43 289 16 Jun 18 25.41 28.50 23.4 Prebud 
48 298 25 Jun 38 24.17 30. 14 25.7 Early Bud 
53 310 7 Jul 71 19.85 35.34 30.4 Early to Midbloom 
56 334 31 Jul 71 17.65 35.89 35.5 Midbloom 
58 340 6 Aug 81 18.62 33.94 36.9 Late Bloom 
60 347 13 Aug *76 17 .17 36.02 36.2 Late Bloom 
Table A.24. Alfalfa samples, of the variety Deseret (irrigated), 
collected from second harvest in 1987 at Simmonds farm Trenton, Utah. 
NIRS FRUIT SAMPLING HEIGHT %CP %ADF %OM MORPHOLOGICAL 




289 16 Jun 23 
298 25 Jun 56 
310 7 Jul 86 
27.08 26.05 17.1 Prebud 
22.89 30.54 19.4 Early Bud 
18.78 34.80 23.1 Early to Midbloom 
Table A.25. Alfalfa samples, of the variety Ranger, collected from 
third harvest in 1987 at Atkinson farm Trenton, Utah. 
NIRS FRUIT SAMPLING HEIGHT %CP %ADF %OM MORPHOLOGICAL 





331 28 Jul 18 
340 6 Aug 46 
347 13 Aug 58 
354 20 Aug 61 
28.76 23.50 17.6 Prebud 
24.54 27.16 18.8 Prebud 
21.87 32.18 19.0 Early Bud 
21. 13 33.25 20.0 Midbud 
CP = crude Protein; ADF = acid detergent fiber; OM = dry matter; * = 
data that doesn't follow the general trend and may be incorrect . 
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Table A.26. Alfalfa samples, of the variety WL-312, collected from 
third harvest in 1987 at Andrew farm Trenton, Utah. 
NIRS FRUIT SAMPLING HEIGHT %CP %ADF %OM MORPHOLOGICAL 




331 28 Jul 30 
340 6 Aug 51 
347 13 Aug 69 
26.57 26.40 16.3 Prebud 
23.62 30.37 19.1 Pre to Early Bud 
20.83 34.40 20.0 Midbud 
Table A.27. Alfalfa samples, of the variety Deseret (irrigated), 
collected from third harvest in 1987 at Simmonds farm Trenton, Utah. 
------------------------------------------------------------------------
NIRS FRUIT SAMPLING HEIGHT %CP %ADF %OM MORPHOLOGICAL 
SAMPLE# DATE DATE cm STAGE 
------------------------------------------------------------------------
64 331 28 Jul 15 31. 71 20.80 17.7 Prebud 
67 340 6 Aug 41 26.32 25.54 19.2 Prebud 
70 347 13 Aug 69 22.35 31.25 18.7 Mid to Late Bud 
72 354 20 Aug 79 21.40 32.37 20.0 Early Bloom 
73 361 27 Aug 81 20.67 33.28 22.2 Midbloom 
74 368 3 Sep 86 18.24 36.53 23.0 Late Bloom 
Table A.28. Alfalfa samples, of the variety Ranger, collected from 
fourth harvest in 1987 at Atkinson farm Trenton, Utah. 
NIRS FRUIT SAMPLING HEIGHT %CP %ADF %OM MORPHOLOGICAL 
STAGE SAMPLE# DATE DATE " cm 
76 383 18 Sep 25 26.57 25.34 19.5 Prebud 
Table A.29. Alfalfa samples, of the variety WL-312, collected from 
fourth harvest in 1987 at Andrew farm Trenton, Utah. 
NIRS FRUIT SAMPLING HEIGHT %CP %ADF %OM MORPHOLOGICAL 




368 3 Sep 
383 18 Sep 
25 
41 
29.81 22.29 14.3 Prebud 
23.28 28.60 20.8 Prebud 
------------------------------------------------------------------------
CP = crude Protein; ADF = acid detergent fiber; OM = dry matter; * = 
data that doesn't follow the general trend and may be incorrect. 
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Table A.30. Alfalfa samples, of the variety WL-312, collected from 
first harvest in 1987 at Spanish Fork, Utah. 
NIRS FRUIT SAMPLING HEIGHT %CP o/..ADF %DM MORPHOLOGICAL 





238 26 Apr 18 
252 10 May 33 
259 17 May 48 
266 24 May 51 
30.26 20.09 19.9 Prebud 
24.53 27.94 20.3 Pre to Early Bud 
22.03 *31.86 *16.5 Early Bud 
20.44 30.13 24.l Midbud 
Table A.31. Alfalfa samples, of the variety Anchor, collected from 
first harvest in 1987 at Spanish Fork, Utah. 
NIRS FRUIT SAMPLING HEIGHT %CP o/..ADF o/ol)M MORPHOLOGICAL 





238 26 Apr 17 
252 10 May 38 
259 17 May 53 
266 24 May 55 
29.44 19.63 19.8 Prebud 
24.12 27.35 20.8 Pre to Early Bud 
21.61 30.93 17.4 Early Bud 
18.97 33.06 23.4 Midbud 
Table A.32. Aifalfa samples, of the variety Deseret, collected from. 
first · harvest in 1987 at ·spanish Fork, Utah. · 
NIRS FRUIT SAMPLING HEIGHT %CP o/..ADF o/ol)M MORPHOLOGICAL 





238 26 Apr 25 
252 10 May 43 
259 17 May 53 
266 24 May 58 
29.01 18.91 19.7 Prebud 
22.70 27.95 20.3 Pre to Early Bud 
20.46 30.07 *17.6 Early Bud 
17.89 31.74 25.5 Midbud 
Table A.33. Alfalfa samples, of the variety WL-312 (field), collected 
from first harvest in 1987 at Spanish Fork, Utah. 
NIRS FRUIT SAMPLING HEIGHT %CP %ADF %DM MORPHOLOGICAL 





238 26 Apr 18 
252 10 May 33 
259 17 May 46 
266 24 May 46 
28.86 20.49 19.9 Prebud 
24.74 25.98 *25.1 Pre to Early Bud 
21.45 31.96 *19.6 Early Bud 
19.65 33.46 24.8 Midbud 
CP = crude Protein; ADF = acid detergent fiber; DM = dry matter; * 
data that doesn't follow the general trend and may be incorrect. 
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Table A.34. Alfalfa samples, of the variety WL-312, collected from 
second harvest in 1987 at Spanish Fork, Utah. 
NIRS FRUIT SAMPLING HEIGHT o/oCP o/oADF %DM MORPHOLOGICAL 
STAGE SAMPLE# DATE DATE cm 
294 
298 
303 30 Jun 38 
310 7 Jul 53 
24.09 29.71 18.7 Early to Midbud 
19.88 30.84 22.2 Midbud 
Table A.35. Alfalfa samples, of the variety Anchor, collected from 
second harvest in 1987 at Spanish Fork, Utah. 
NIRS FRUIT SAMPLING HEIGHT %CP o/oADF %OM MORPHOLOGICAL 
STAGE SAMPLE# DATE DATE cm 
296 
300 
303 30 Jun 36 
310 7 Jul 51 
27.10 24.10 19. 1 Early to Midbud 
19.92 31.36 21.1 Midbud 
Table A.36. Alfalfa samples, of the variety Deseret, collected from 
second harvest in 1987 at Spanish Fork, Utah. 
NIRS FRUIT SAMPLING HEIGHT %CP o/oAUF %DM MORPHOLOGICAL 
STAGE SAMPLE# DATE "DATE cm 
295 
299 
303 30 Jun 47 
310 7 Jul 69 
25.01 25.93 18.3 Early to Midbud 
19.52 32.92 19.9 Midbud 
Table A.37. Alfalfa samples, of the variety WL-312 (field), collected 
from second harvest in 1987 at Spanish Fork, Utah. 
NIRS FRUIT SAMPLING HEIGHT %CP o/oADF %OM MORPHOLOGICAL 
STAGE SAMPLE# DATE DATE cm 
297 
301 
303 30 Jun 41 
310 7 Jul 56 
24.80 27.64 18.7 Early to Midbud 
21.44 30.21 22.5 Midbud 
Table A.38. Alfalfa samples, of the variety WL-312, collected from 
third harvest in 1987 at Spanish Fork, Utah. 
NIRS FRUIT SAMPLING HEIGHT %CP o/oADF %OM MORPHOLOGICAL 




333 30 Jul 28 
340 6 Aug 43 
347 13 Aug 58 
25.55 25.86 19.5 Pre to Early Bud 
24.57 27.17 20.6 Early to Midbud 
23.58 29.11 21.7 Mid to Late Bud 
CP a crude Protein; ADF = acid detergent fiber; DM = dry matter; * 
data that doesn't follow the general trend and may be incorrect. 
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Table A.39. Alfalfa samples, of the variety Anchor, collected from 
third harvest in 1987 at Spanish Fork, Utah. 
NIRS FRUIT SAMPLING HEIGHT %CP %ADF %DM MORPHOLOGICAL 




333 30 Jul 30 
340 6 Aug 41 
347 13 Aug 58 
26.05 24.34 18.6 Pre to Early Bud 
24.33 26.64 22.5 Midbud 
23.94 28.76 21.9 Mid to Late Bud 
Table A.40. Alfalfa samples, of the variety Deseret, collected from 
third harvest in 1987 at Spanish Fork, Utah. 
NIRS FRUIT SAMPLING HEIGHT %CP %ADF %DM MORPHOLOGICAL 




333 30 Jul 36 
340 6 Aug 51 
347 13 Aug 71 
25.80 23.96 18.3 Pre to Early Bud 
23.38 28.33 19.3 Midbud 
21.78 30.57 22.7 Mid to Late Bud 
Table A.41. Alfalfa samples, of the variety WL-312 (field), collected 
from third harvest in 19JP at Spanish Fork, Utah. 
NIRS FRUIT SAMPLING HEIGHT %CP %ADF %DM MORPHOLOGICAL 




333 30 Jul 28 
340 6 Aug 41 
347 13 Aug 60 
26.66 23.73 19.7 Pre to Early Bud 
24.65 28.05 21.2 Early to Midbud 
22.25 31.97 21.3 Mid to Late Bud 
Table A.42. Alfalfa samples, of the variety WL-312, collected from 
fourth harvest in 1987 at Spanish Fork, Utah. 
NIRS FRUIT SAMPLING HEIGHT %CP %ADF %DM MORPHOLOGICAL 




369 4 Sep 23 
380 15 Sep 30 
388 23 Sep 46 
29.07 19.13 18.5 Prebud 
26.46 21.59 20.2 Early Bud 
26.32 23.51 21.6 Early to Midbud 
CP = crude Protein; ADF = acid detergent fiber; DM = dry matter; * = 
data that doesn't follow the general trend and may be incorrect. 
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Table A.43. Alfalfa samples, of the variety Anchor, collected from 
fourth harvest in 1987 at Spanish Fork, Utah. 
NIRS FRUIT SAMPLING HEIGHT %CP %ADF %OM MORPHOLOGICAL 




369 4 Sep 25 
380 15 Sep 33 
388 23 Sep 47 
28.58 19.99 19.2 Prebud 
26.01 22.52 20.4 Early Bud 
24.86 23.29 23.2 Early to Midbud 
Table A.44. Alfalfa samples, of the variety Deseret, collected from 
fourth harvest in 1987 at Spanish Fork, Utah. 
NIRS FRUIT SAMPLING HEIGHT %CP o/..ADF %OM MORPHOLOGICAL 




369 4 Sep 33 
380 15 Sep 41 
388 23 Sep 48 
28.44 19.44 16.9 Prebud 
28.28 19.85 18.7 Early Bud 
26.78 22.51 20.6 Midbud 
Table A.45. Alfalfa samples, of the variety WL-312 (field), collected 
fro~ !ourth harves~ in 1987 at Spanish Fork, Utah . . 
NIRS FRUIT SAMPLING HEIGHT %CP %ADF %OM MORPHOLOGICAL 





369 4 Sep 28 
380 15 Sep 36 
388 23 Sep 53 
28.55 18.55 18.3 Prebud 
27.42 21.79 20.2 Early Bud 
26.29 22.87 22.4 Early to Midbud 
CP = crude Protein; ADF = acid detergent fiber; OM= dry matter; * = 
data that doesn't follow the general trend and may be incorrect. 
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Table A.46. Harvest dates of alfalfa. 























Brigham Young Universit:t 
WL-312 22 May 
Anchor 22 May 
Deseret 22 May 





























D = Dryland; I= Irrigated (assume irrigated unless otherwise stated); 
- = data not collected or not applicable; HVT = harvest. 
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Table A.47. Yield of alfalfa in Mg ha-l 
DATE HARVEST WL-312 ANCHOR DESERET AVE STAGE 
-----------------------------------------------------------------------
Neghi2 Utah 
10 May First 2.9 3.6 4.4 3.6 Prebud 
24 May First 4.9 5.3 5.6 5.3 Ear. -Mi dbud 
14 Jun First 7.0 5.0 6.0 6.0 Mid-Lat. Bloom 
7 Jul Second 4.5 3.8 4.2 4.2 Midbud 
12 Jul Second 5.2 4.5 4.9 Lat. Bud-Ear. Bl 
23 Jul Second 5.4 4.4 4.9 Late bloom 
18 Aug Third 3.6 3.2 2.9 3.2 Midbud 
1 Sep Third 4.9 3.1 3.8 3.9 Midbloom 
27 Sep Third 2.9 2.0 2.6 2.5 Pod 
Brigham Young Universit~ 
Field 2 WL-312 
24 May First 4.8 Midbud 
7 Jul Second 4.5 Midbud 
13 Aug Third 3.2 Mid-Lat. Bud 
23 Sep Fourth 3.0 Ear.-Midbud 
- = cooperator didn't leave designated portion standing when harvesting 
which would have been used to collect yield and quality samples. 
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Appendix B. Figures 
Establishing Relationships 
Note: To facilitate comparisons between figures all use the same 
scale, symbols, and line types for similar variables. When 
each graph is made into a transparency it becomes a simple 
process to make comparisons by superimposing the graphs of 
interest. In addition, figure captions provide pertinent 
information such as variety, harvest, location, legend, 
sampling dates, growth stages, accumulated growing degree 
hours (AGDH), and estimated optimal time to harvest (C). 
Tables, numbering A.l-A.45 in appendix A, have been provided 
that contain the data from which the graphs in figures B. l-
B.45 were generated. 
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Figure 8.1.0. Alfalfa samples, of the variety WL-312, collected from 
first harvest in 1987 at Nephi, Utah. CP (o) crude protein, ADF (6) 
acid detergent fiber, OM ( □) dry matter, YLD (*) yield. Sampling 
date, growth stage, and accumulated growing degree hours (AGDH) are: 
26 Apr.--prebud--711; 9 May--prebud--2517; 16 May--pre to early bud--
3803; 23 May--early to midbud--4539; 11 Jun.--early to midbloom--7393; 
14 Jun.--mid to late bloom--7899; 20 Jun.--late bloom--9095; 27 Jun.--
pod--10305. Crude protein declined to 20% on 2 Jun. at latebud to 
early bloom with 5568 AGDH. Acid detergent fiber increased from 29% 
on 23 May at early to midbud with 4539 AGDH to 31% on 27 May at midbud 
with 4783 AGDH. Estimated optimal time to harvest 27 May (C). 
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Figure B.1.1. Alfalfa samples, of the variety WL-312, collected from 
first harvest in 1987 at Nephi, Utah(*= centimeters). 
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Figure B.2.0. Alfalfa samples, of the variety Anchor, collected from 
first harvest in 1987 at Nephi, Utah. CP (o) crude protein, ADF (6) 
acid detergent fiber, OM (□) dry matter, YLD (*) yield. Sampling 
date, growth stage, and accumulated growing degree hours (AGDH) are: 
26 Apr.--prebud--711; 9 May--prebud--2517; 16 May--pre to early bud--
3803; 23 May--early to midbud--4539; 14 Jun.--mid to late bloom--7899; 
20 Jun.--late bloom--9095; 27 Jun.--pod--10305. Crude protein 
declined to 20% on 31 May at late bud to early bloom with 5262 AGDH. 
Acid detergent fiber increased from 29% on 21 May at early bud with 
4335 AGDH to 31% on 25 May at midbud with 4691 AGDH. Estimated 
optimal time to harvest 25 May (C). 
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Figure 8.2.1. Alfalfa samples, of the variety Anchor, collected from 
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Figure B.3.0. Alfalfa samples, of the variety Deseret, collected from 
first harvest in 1987 at Nephi, Utah. CP (o) crude protein, ADF (~) 
acid detergent fiber, OM (□) dry matter, YLD (*) yield. Sampling 
date, growth stage, and accumulated growing degree hours (AGDH) are: 
26 Apr.--prebud--711; 9 May--prebud--2517; 16 May--early bud--3803; 23 
May--early to midbud--4539; 14 Jun.--mid to late bloom--7899; 20 Jun. -
-late bloom--9095; 27 Jun.--pod--10305. Crude protein declined to 20% 
on 2 Jun. at late bud to early bloom to with 5568 AGDH. Acid_ 
detergent fiber increased from 29% on 20 May at early bud with 4272 
AGDH to 31% on 25 May at midbud with 4691 AGDH. Estimated optimal 
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Figure B.3.1. Alfalfa samples, of the variety Deseret, collected from 
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Figure B.4.0. Alfalfa samples, of the variety WL-312, collected from 
second harvest in 1987 at Nephi, Utah. CP (o) crude protein, ADF (ti) 
acid detergent fiber, OM (□) dry matter, YLD (*) yield. Sampling 
date, growth stage, and accumulated growing degree hours (AGDH) are: 
20 Jun.--pre to early bud--2311; 27 Jun.--early to midbud--3521; 6 
Jul.--midbud--5292; 11 Jul.--late bud to early bloom--6375; 15 Jul.--
early to midbloom--7104; 23 Jul.--late bloom--8756; 3 Aug.--pod--
11140. Crude protein declined to 20% on 10 Jul. at late bud to early 
bloom with 6151 AGDH. Acid detergent fiber increased from 29% on 2 
Jul. at midbud with 4557 AGDH to 31% on 6 Jul. at midbud with 5292 
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Figure 8.4.1. Alfalfa samples, of the variety WL-312, collected from 
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Figure B.5.0. Alfalfa samples, of the variety Anchor, collected from 
second harvest in 1987 at Nephi, Utah. CP (O) crude protein, ADF (~) 
acid detergent fiber, OM (□) dry matter, YLD (*) yield. Sampling 
date, growth stage, and accumulated growing degree hours (AGDH) are: 
20 Jun.--pre to early bud--2311; 27 Jun.--early to midbud--3521; 6 
Jul.--midbud--5292. Crude protein declined to 20% on 8 Jul. at mid to 
late bud with 5643 AGDH. Acid detergent fiber increased from 29% on 3 
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Figure 8.5.1. Alfalfa samples, of the variety Anchor, collected from 
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Figure B.6.0. Alfalfa samples, of the variety Deseret, collected from 
second harvest in 1987 at Nephi, Utah. CP (O) crude protein, ADF (~) 
acid detergent fiber, OM (□) dry matter, YLD (*) yield. Sampling 
date, growth stage, and accumulated growing degree hours (AGDH) are: 
20 Jun.--pre to early bud--3218; 27 Jun.--early to midbud--4428; 6 
Jul .--mid to late bud--6199; 11 Jul .--late bud to early bloom--7282; 
15 Jul .--midbloom--8011; 23 Jul.--late bloom--9663; 3 Aug.--pod--
20707; 8 Aug.--pod--13006. Crude protein declined to 20% on 6 Jul. at 
mid to late bud with 6199 AGDH. Acid detergent fiber increased from 
29% on 27 Jun. at early to midbud with 4428 AGDH to 31% on 30 Jun. at 
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Figure B.6.1. Alfalfa samples, of the variety Deseret, collected from 
second harvest at Nephi, Utah (*=centimeters). 
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Figure B.7.0. Alfalfa samples, of the variety WL-312 , collected from 
third harvest in 1987 at Nephi, Utah. CP (O) crude protein, ADF (~) 
acid detergent fiber, OM (□) dry matter, YLD (*) yield. Sampling 
date, growth stage, and accumulated growing degree hours (AGDH) are: 
29 Jul .--prebud--2496; 8 Aug.--early bud--4515; 14 Aug.--early bud--
5729; 19 Aug.--midbud--6629; 26 Aug.--late bud to early bloom--8127; 
31 Aug.--mibloom--8970; 5 Sep.--late bloom--9940; 17 Sep.--pod--11933; 
26 Sep.--pod--13357. Crude protein declined to 20% on 30 Aug. at 
midbloom with 8808 AGDH. Acid detergent fiber increased from 29% on 
11 Aug. at early bud with 5090 AGDH to 31% on 20 Aug. at midbud with 
6838 AGDH. Estimated optimal time to harvest 20 Aug. (C). 
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Figure B.7.1. Alfalfa samples, of the variety WL-312, collected from 
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Figure 8.8.0. Alfalfa samples, of the variety Anchor, collected from 
third harvest in 1987 at Nephi, Utah. CP (0) crude protein, ADF (ll) 
acid detergent fiber, OM (□) dry matter, YLD (*) yield. Sampling 
date, growth stage, and accumulated growing degree hours (AGDH) are: 
29 Jul .--prebud--3137; 8 Aug.--early bud--5156; 14 Aug.--early bud--
6370; 19 Aug.--midbud--7270; 26 Aug.--late bud to early bloom--8768; 
31 Aug.--midbloom--9611; 5 Sep.--late bloom--10581; 17 Sep.--pod--
12574; 26 Sep.--pod--13998. Crude protein declined to 20% on 31 Aug. 
at mi db 1 oom with 9611 AGDH. Acid detergent fiber increased from 29% 
on 12 Aug. at early bud with 5942 AGDH to 31% on 19 Aug. at with 7270 
AGDH. Estimated optimal time to harvest 21 Sep. (C). 
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Figure B.8.1. Alfalfa samples, of the variety Anchor, collected from 
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Figure B.9.0. Alfalfa samples, of the variety Deseret, collected from 
third harvest in 1987 at Nephi, Utah. CP (O) crude protein, ADF (~) 
acid detergent fiber, OM (□) dry matter, YLD (*) yield. Sampling 
date, growth stage, and accumulated growing degree hours (AGDH) are: 
29 Jul .--prebud--3137; 8 Aug.--early bud--5156; 14 Aug.--early bud--
6370; 19 Aug.--midbud--7270; 26 Aug.--late to early bloom--8768; 31 
Aug.--late bloom--9611; 5 Sep.--pod--10581; 17 Sep.--pod--12574; 26 
Sep.--pod--13998. Crude protein declined to 20% on 8 Sep. at pod with 
11118 AGDH. Acid detergent fiber increased from 29% on 4 Aug. at pre 
to early bud with 4361 AGDH to 31% on 8 Aug. at early bud with 5156 
AGDH. Estimated optimal time to harvest 8 Sept. {C). 
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Figure 8.9.1. Alfalfa samples, of the variety Deseret, collected from 
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Figure B.10. Alfalfa samples, of the variety WL-312, collected from 
fourth harvest in 1987 at Nephi, Utah. CP {O} crude protein, ADF {~} 
acid detergent fiber, OM {□} dry matter, YLD {*} yield. Sampling 
date, growth stage, and accumulated growing degree hours {AGDH} are: 
11 Sep.--early bud--904; 17 Sep.--early bud--1820; 26 Sep.--early to 
midbud--3244. 
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Figure B.11. Alfalfa samples, of the variety Anchor, collected from 
fourth harvest in 1987 at Nephi, Utah. CP (0) crude protein, ADF (6) 
acid detergent fiber, OM (□) dry matter, YLD (*) yield. Sampling 
date, growth stage, and accumulated growing degree hours (AGDH) are: 
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Figure 8.12. Alfalfa samples, of the variety Deseret, collected from 
fourth harvest in 1987 at Nephi, Utah. CP (0) crude protein, ADF (~) 
acid detergent fiber, OM (Dr dry matter, YLD (*) yield. Sampling 
date, growth stage, and accumulated growing degree hours (AGDH) are: 
31 Aug.--prebud--2505; 5 Sep.--pre to early bud--3475; 11 Sep.--early 
bud--4552; 17 Sep.--early to midbud--5468; 26 Sep.--early to midbud--
6892. 
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Figure B.13. Alfalfa samples, of the variety WL-312, collected from 
first harvest in 1987 at Grant farm Trenton, Utah. CP (0) crude 
protein, ADF (6) acid detergent fiber, OM (□) dry matter, HT (*) 
height. Sampling date, growth stage, and accumulated growing degree 
hours (AGDH) are: 27 Apr.--prebud--893; 11 May--prebud--2849; 19 May--
prebud--4311; 25 May--early bud--4792. Crude protein declined to 20% 
on 24 May at early bud with 4768 AGDH. Acid detergent fiber increased 
from 29% on 12 May at prebud with 3040 AGDH to 31% on 16 May at prebud 
with 3782 AGDH. Estimated optimal time to harvest 16 May (C). 
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Figure B.14. Alfalfa samples, of the variety Ranger, collected from 
first harvest in 1987 at Grant farm Trenton, Utah. CP (0) crude 
protein, ADF (~) acid detergent fiber, DM ( □) dry matter, HT (*) 
height. Sampling date, growth stage, and accumulated growing degree 
hours (AGDH) are: 27 Apr.--prebud--893; 11 May--prebud--2849; 19 May--
prebud--4311; 25 May--early bud--4792. Acid detergent fiber increased 
from 29% on 13 May at prebud with 3217 AGDH to 31% on 20 May at prebud 
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Figure B.15. Alfalfa samples, of the variety Ranger, collected from 
first harvest in 1987 at Atkinson farm Trenton, Utah. CP (0) crude 
protein, ADF (6) acid detergent fiber, OM (□) dry matter, HT (*) 
height. Sampling date, growth stage, and accumulated growing degree 
hours (AGDH) are: 27 Apr.--prebud--893; 11 May--prebud--2849; 19 May--
prebud--4311; 25 May--early bud--4792. Crude protein declined to 20% 
on 26 May at early bud with 4820 AGDH. Acid detergent fiber increased 
from 29% on 11 May at prebud with 2849 AGDH to 31% on 15 May at pre to 
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Figure 8.16. Alfalfa samples, of the variety WL-312, collected from 
first harvest in 1987 at Andrew farm Trenton, Utah. CP (O) crude 
protein, ADF (Ll) acid detergent fiber, OM ( □) dry matter, HT (*) 
height. Sampling date, growth stage, and accumulated growing degree 
hours (AGDH) are: 19 May--prebud--4311; 25 May--early to midbud--4792. 
Acid detergent fiber increased to 31% on 19 May at prebud with 4311 
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Figure B.17. Alfalfa samples, of the variety Anchor (dryland), 
collected from first harvest in 1987 at Simmonds farm Trenton, Utah. 
CP (0) crude protein, ADF (~) acid detergent fiber, DM (□) dry matter, 
HT (*) height. Sampling date, growth stage, and accumulated growing 
degree hours (AGDH) are: 19 May--early bud--4311; 25 May--midbud--
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Figure B.18. Alfalfa samples, of the variety Deseret (dryland), 
collected from first harvest in 1987 at Simmonds farm Trenton, Utah. 
CP (0) crude protein, ADF (6) acid detergent fiber, OM(□) dry matter, 
HT (*) height. Sampling date, growth stage, and accumulated growing 
degree hours (AGDH) are: 19 May--early bud--4311; 25 May--midbud--
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Figure 8.19. Alfalfa samples, of the variety Deseret (irrigated), 
collected from first harvest in 1987 at Simmonds farm Trenton, Utah. 
CP (0) crude protein, ADF (~) acid detergent fiber, OM(□) dry matter, 
HT ( ) height. Sampling date, growth stage, and accumulated growing 
degree hours (AGDH) are: 19 May--prebud--4311; 25 May--early bud--
4792. Crude protein declined to 20% on 27 May at early to midbud with 
4843 AGDH. Acid detergent fiber increased from 29% on 16 May at 
prebud with 3782 AGDH to 31% on 23 May at pre to early bud with 4655 
AGDH. Estimated optimal time to harvest 23 May (C). 
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Figure B.20. Alfalfa samples, of the variety Ranger, collected from 
second harvest in 1987 at Atkinson farm Trenton, Utah. CP (0) crude 
protein, ADF (6) acid detergent fiber, OM (□) dry matter, HT (*) 
height. Sampling date, growth stage, and accumulated growing degree 
hours (AGDH) are: 16 Jun.--prebud--1823; 25 Jun.--early bud--3359; 7 
Jul .--midbud--5764. Crude protein declined to 20% on 8 Jul. at midbud 
with 5966 AGDH. Acid detergent fiber increased from 29% on 24 Jun. at 
early bud with 3189 AGDH to 31% on 29 Jun. at early to mid bud with 
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Figure B.21. Alfalfa samples, of the variety WL-312, collected from 
second harvest in 1987 at Andrew farm Trenton, Utah. CP (0) crude 
protein, ADF (a) acid detergent fiber, DM (□) dry matter, HT (*) 
height. Sampling date, growth stage, and accumulated growing degree 
hours (AGDH) are: 16 Jun.--prebud--1823; 25 Jun.--early bud--3359; 7 
Jul .--midbud--5764. Crude protein declined to 20% on 6 Jul. at midbud 
with 5566 AGDH. Acid detergent fiber increased from 29% on 25 Jun. at 
early bud with 3359 AGDH to 31% on 1 Jul. at early to mid bud with 
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Figure B.22. Alfalfa samples, of the variety Anchor (dryland}, 
collected from second harvest in 1987 at Simonds farm Trenton, Utah. 
CP (O) crude protein, ADF (6) acid detergent fiber, OM(□) dry matter, 
HT (*) height. Sampling date, growth stage, and accumulated growing 
degree hours (AGDH) are: 16 Jun. - -pre bud- -1823; 25 Jun. - -early bud- -
3359; 7 Jul .--early to midbloom--5764; 31 Jul .--midbloom--10347; 6 
Aug.--late bloom--11398; 31 Aug.--late bloom--15950. Crude protein 
declined to 20% on 15 Jul. at early to midbloom with 7173 AGDH. Acid 
detergent fiber increased from 29% on 25 Jun. at early bud with 3359 
AGDH to 31% on 2 Jul. at early bloom with 4768 AGDH. Estimated 
optimal time to harvest 2 Jul. (C}. 
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Figure B.23. Alfalfa samples, of the variety Deseret (dryland), 
collected from second harvest in 1987 at SiR111onds farm Trenton, Utah. 
CP (0) crude protein, ADF (6) acid detergent fiber, OM(□) dry matter, 
HT (*) height. Sampling date, growth stage, and accumulated growing 
degree hours (AGDH) are: 16 Jun.--prebud--1823; 25 Jun.--early bud--
3359; 7 Jul .--early to midbloom--5764; 31 Jul .--midbloom--10347; 6 
Aug.--late bloom--11398; 13 Aug.--late bloom--12672. Crude protein 
declined to 20% on 6 Jul. at early to midbloom with 5566 AGDH. Acid 
detergent fiber increased from 29% on 22 Jun. at early bud with 2809 
AGDH to 31% on 27 Jun. at early bud with 3674 AGDH. Estimated optimal 
time to harvest 27 Jun. (C). 
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Figure 8.24. Alfalfa samples, of the variety Deseret (irrigated), 
collected from second harvest in 1987 at Si11111onds farm Trenton, Utah. 
CP (0) crude protein, ADF (~) acid detergent fiber, OM(□) dry matter, 
HT ( ) height. Sampling date, growth stage, and accumulated growing 
degree hours (AGDH) are: 16 Jun.--prebud--1823; 25 Jun.--early bud--
3359; 7 Jul.--early to midbloom--5764. Crude protein declined to 20% 
on 3 Jul. at early bloom with 4970 AGDH. Acid detergent fiber 
increased from 29% on 22 Jun. at early bud with 2809 AGDH to 31% on 26 
Jun. at early bud with 3512 AGDH. Estimated optimal time to harvest 
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Figure B.25. Alfalfa samples, of the variety Ranger, collected from 
third harvest in 1987 at Atkinson farm Trenton, Utah. CP (0) crude 
protein, ADF (Ll) acid detergent fiber, OM(□) dry matter, HT(*) 
height. Sampling date, growth stage, and accumulated growing degree 
hours (AGDH) are: 28 Jul.--prebud--977; 6 Aug.--prebud--2719; 13 Aug.-
-early bud--3993; 20 Aug.--midbud--5197. Acid detergent fiber 
increased from 29% on 8 Aug. at prebud with 3144 AGDH to 31% on 11 
Aug. at early bud with 3613 AGDH. Estimated optimal time to harvest 
11 Aug (C). 
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Figure 8.26. Alfalfa samples, of the variety WL-312, collected from 
third harvest in · 1987 at Andrew farm Trenton, Utah. CP (0) crude 
protein, ADF ( ~) acid detergent fiber, OM (□) dry matter, HT (*) 
height. Sampling date, growth stage, and accumulated growing degree 
hours (AGDH) are: 28 Jul .--prebud--2060; 6 Aug.--pre to early bud--
3802; 13 Aug.--midbud--5076. Crude protein declined to 20% on 15 Aug. 
at midbud with 5437 AGOH. Acid detergent fiber increased from 29% on 
3 Aug. at prebud with 3295 AGDH to 31% on 7 Aug. at early bud with 
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Figure 8.27. Alfalfa samples, of the variety Deseret (irrigated), 
collected from third harvest in 1987 at Simmonds farm Trenton, Utah. 
CP (0) crude protein, ADF (6) acid detergent fiber, OM(□) dry matter, 
HT ( ) height. Sampling date, growth stage, and accumulated growing 
degree hours (AGDH) are: 28 Jul .--prebud--977; 6 Aug.--prebud--2719; 
13 Aug.--mid to late bud--3993; 20 Aug.--early bloom--5197; 27 Aug.--
midbloom--6625; 3 Sep.--late bloom--7839. Crude protein declined to 
20% on 31 Aug. at mid to late bloom with 7271 AGDH. Acid detergent 
fiber increased from 29% on 10 Aug. at midbud with 3425 AGDH to 31% on 
13 Aug. at mid to late bud with 3993 AGDH. Estimated optimal time to 
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Figure B.28. Alfalfa samples, of the variety Ranger, collected from 
fourth harvest in 1987 at Atkinson farm Trenton, Utah. CP (O) crude 
protein, ADF (6) acid detergent fiber, DM ( □) dry matter, HT(*) 
height. Sampling date, growth stage, and accumulated growing degree 
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Figure B.29. Alfalfa samples, of the variety WL-312, collected from 
fourth _ harvest in 1987 at Andrew farm Trenton, Utah. CP (0) crude 
protein, ADF (~) acid detergent fiber, OM (□) dry matter, HT (*) 
height. Sampling date, growth stage, and accumulated growing degree 
hours (AGDH) are: 3 Sep.--prebud--2183; 18 Sep.--prebud--4688. Acid 
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Figure 8.30. Alfalfa samples, of the variety WL-312, collected from 
first harvest in 1987 at Spanish Fork, Utah. CP (0) crude protein, 
ADF ('1) acid detergent fiber, OM ( □) dry matter, HT (*) height. 
Sampling date, growth stage, and accumulated growing degree hours 
(AGDH) are: 26 Apr.--prebud--1409; 10 May--pre to early bud--3781; 17 
May--early bud--5370; 24 May--midbud--6127. Crude protein declined to 
20% on 25 May at midbud with 6248 AGDH. Acid detergent fiber 
increased from 29% on 11 May at pre to early bud with 3999 AGDH to 31% 
on 16 May at early bud with 5164 AGDH. Estimated optimal time to 
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Figure 8.31. Alfalfa samples, of the variety Anchor, collected from 
first harvest in 1987 at Spanish Fork, Utah. CP (0) crude protein, 
ADF (6) acid detergent fiber, OM (□) dry matter, HT (*) height. 
Sampling date, growth stage, and accumulated growing degree hours 
(AGDH) are: 26 Apr.--prebud--1409; 10 May--pre to early bud--3781; 17 
May--early bud--5370; 24 May--midbud--6127. Crude protein declined to 
20% on 21 May_ at early to midbud with 5865 AGDH. Acid detergent fiber 
increased from 29% on 13 May at early bud with 4450 AGDH to 31% on 17 
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Figure 8.32. Alfalfa samples, of the variety Deseret, collected from 
first harvest in 1987 at Spanish Fork, Utah. CP (0) crude prate in, 
ADF (~) acid detergent fiber, OM (□) dry matter, HT (*) height. 
Sampling date, growth stage, and accumulated growing degree hours 
(AGDH) are: 26 Apr.--prebud--1409; 10 May--pre to early bud--3781; 17 
May--early bud--5370; 24 May--midbud--6127. Crude protein declined to 
20% on 18 May at early bud with 5497 AGDH. Acid detergent fiber 
increased from 29% on 13 May at early bud with 4450 AGDH to 31% on 21 
May at early to midbud with 5865 AGDH. Estimated optimal time to 
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Figure B.33. Alfalfa samples, of the variety WL-312 (field), collected 
from first harvest in 1987 at Spanish Fork, Utah. CP (0) crude 
protein, ADF (6) acid detergent fiber, OM(□) dry matter, HT(*) 
height. Sampling date, growth stage, and accumulated growing degree 
hours (AGDH) are: 26 Apr.--prebud--1409; 10 May--pre to early bud--
3781; 17 May--early bud--5370; 24 May--midbud--6127. Crude protein 
declined to 20% on 22 May at midbud with 5917 AGDH. Acid detergent 
fiber increased from 29% on 13 May at pre to early bud with 4450 AGDH 
to 31% on 16 May at early bud with 5164 AGDH. Estimated optimal time 
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Figure B.34. Alfalfa samples, of the variety WL-312, collected from 
second harvest in 1987 at Spanish Fork, Utah. CP (0) crude protein, 
ADF (6) acid detergent fiber, OM (□) dry matter, HT (*) height. 
Sampling date, growth stage, and accumulated growing degree hours 
(AGDH) are: 30 Jun.--early to midbud--5646; 7 Jul .--midbud--7230. 
Crude protein declined to 20% on 7 Jul. at midbud with 7230 AGDH. 
Acid detergent fiber increased to 31% on 8 July at midbud with 7481 
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Figure B.35. Alfalfa samples, of the variety Anchor, collected from 
second harvest in 1987 at Spanish Fork, Utah. CP (0) crude protein, 
ADF (~) acid detergent fiber, OM ( □) dry matter, HT (*) height. 
Sampling date, growth stage, and accumulated growing degree hours 
(AGDH) are: 30 Jun.--early to midbud--5646; 7 Jul .--midbud--7230. 
Crude protein declined to 20% on 7 Jul. at midbud with 7230 AGDH. 
Acid detergent fiber increased from 29% on 5 Jul. at midbud with 6788 
AGDH to 31% on 7 Jul. at midbud with 7230 AGDH. Estimated optimal 
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Figure B.36. Alfalfa samples, of the variety Deseret, collected from 
second harvest in 1987 at Spanish Fork, Utah. CP (0) crude protein, 
ADF (Ci) acid detergent fiber, DM ( □) dry matter, HT (*) height. 
Sampling date, growth stage, and accumulated growing degree hours 
(AGDH) are: 30 Jun.--early to midbud--5646; 7 Jul .--midbud--7230. 
Crude protein dee 1 i ned to 20% on 6 Jul. at mi dbud with 7002 AGDH. 
Acid detergent fiber increased from 29% on 3 Jul. at early to midbud 
with 6299 AGDH to 31% on 5 Jul. at midbud with 6788 AGDH. Estimated 
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Figure 8.37. Alfalfa samples, of the variety WL-312 (field), collected 
from second harvest in 1987 at Spanish Fork, Utah. CP (0) crude 
protein, ADF (~) acid detergent fiber, OM(□) dry matter, HT(*) 
height. Sampling date, growth stage, and accumulated growing degree 
hours (AGDH) are: 30 Jun.--early to midbud-- 5646; 7 Jul .--midbud--
7230. Crude protein declined to 20% on 9 Jul. at midbud with 7702 
AGDH. Acid detergent fiber increased from 29% on 3 Jul. at early to 
midbud with 6299 AGDH to 31% on 9 Jul. at midbud with 7702 AGDH. 
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Figure B.38. Alfalfa samples, of the variety WL-312, collected from 
third harvest in 1987 at Spanish Fork, Utah. CP (0) crude protein, 
ADF (6) acid detergent fiber, OM (□) dry matter, HT (*) height. 
Sampling date, growth stage, and accumulated growing degree hours 
(AGDH) are: 30 Jul.--pre to early bud--3451; 6 Aug.--early to midbud--
4982; 13 Aug.--Mid to late bud--6648. Acid detergent fiber increased 
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Figure B.39. Alfalfa samples, of the variety Anchor, collected from 
third harvest in 1987 at Spanish Fork, Utah. CP (0) crude protein, 
ADF ( 6) acid detergent fiber, OM (□) dry matter, HT (*) height. 
Sampling date, growth stage, and accumulated growing degree hours 
(AGDH) are: 30 Jul.--pre to early bud--3451; 6 Aug.--early to midbud--
4982; 13 Aug.--mid to late bud--6648. Acid detergent fiber increased 
to 29% on 7 Aug. at midbud with 5214 AGDH. 
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Figure 8.40. Alfalfa samples, of the variety Deseret, collected from 
third harvest in 1987 at Spanish Fork, Utah. CP (0) crude protein, 
ADF (Ll) acid detergent fiber, DM (□) dry matter, HT (*) height. 
Samp 1i ng date, growth stage, and accumulated growing degree hours 
(AGDH) are: 30 Jul.--pre to early bud--3451; 6 Aug.--midbud--4982; 13 
Aug.--mid to late bud--6648. Acid detergent fiber increased from 29% 
on 7 Aug. at midbud with 5214 AGDH to 31% on 16 Aug. at late bud with 






34 80 291t 32 t ... ~ 75 70 30 ,,. . 
65 
28 A□F .D.··· ~ HT 60 ~ 
..,_ • I u 
i'/'i2Elf>(cr / 55 ..,_ 
u ,' °' / 50 ::x:: ~ 24 .,. /-- {!) 
45 ....... w ' w "- r ,· ·o 40 ::x:: 22 * OM _JO··--~----~-D 
35 200--·•-:;,· 







30JUL 6AUG 13AU6 
DATE 
Figure B.41. Alfalfa samples, of the variety WL-312 (field), collected 
from third harvest in 1987 at Spanish Fork, Utah. CP (0) crude 
protein, ADF (6) acid detergent fiber, OM (□) dry matter, HT (*) 
height. Samp 1 i ng date, growth stage, and accumulated growing degree 
hours (AGDH) are: 30 Jul. --pre to early bud--3451; 6 Aug. --early to 
midbud--4982; 13 Aug.--mid to late bud--6648. Acid detergent fiber 
increased from 29% on 8 Aug. at early to midbud with 5456 AGDH to 31% 
on 11 Aug. at mid bud with 6163 AGDH. Estimated optimal time to 
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Figure B.42. Alfalfa samples, of the variety WL-312, collected from 
fourth harvest in 1987 at Spanish Fork, Utah. CP (0) crude protein, 
ADF (6) acid detergent fiber, DM (□) dry matter, HT (*) height. 
Samp 1 i ng date, growth stage, and accumulated growing degree hours 
(AGDH) are: 4 Sep.--prebud--2229; 15 Sep.--early bud--4430; 23 Sep.--
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Figure B.43. Alfalfa samples, of the variety Anchor, collected from 
fourth harvest in 1987 at Spanish Fork, Utah. CP (0) crude protein, 
ADF (l\) acid detergent fiber, OM (□) dry matter, HT (*) height. 
Sampling date, growth stage, and accumulated growing degree hours 
(AGDH) are: 4 Sep.--prebud--2229; 15 Sep.--early bud--4430; 23 Sep.--
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Figure 8.44. Alfalfa samples, of the variety Deseret, collected from 
fourth harvest in 1987 at Spanish Fork, Utah. CP (0) crude protein, 
ADF (~) acid detergent fiber, DM (□) dry matter, HT (*) height. 
Sampling date, growth stage, and accumulated growing degree hours 
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Figure 8.45. Alfalfa samples, of the variety WL-312 (field), collected 
frorn fourth harvest in 1987 at Spanish Fork, Utah. CP (O) crude 
protein, ADF (6) acid detergent fiber, DM (□) dry matter, HT (*) 
height. Sampling date, growth stage, and accumulated growing degree 
hours (AGDH) are: 4 Sep.--prebud--2229; 15 Sep.--early bud--4430; 23 
Sep.--early to midbud--5744. 
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Appendix C. Interpolated Data Tables 
Note: Interpolated data tables were generated by overlaying a 
transparent grid on graphs in figures B.l-b .45. Values 
determined at five cm increments of height included: CP, ADF, 
OM, STG, and YLD. Fruit calender date refers to a consecutive 
numbering system, which is use by ASYMCUR computer software, 
for calender days similar to the Julian system, except 
beginning with 1 September. 
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Table C.l. Interpolated data for alfalfa variety WL-312, for 
first harvest, in 1987 at Nephi, Utah. 
-----------------------------------------------------------------------
cm FCD Date AGDH %CP %ADF %OM YLD Mg/ha-l Stage 
-----------------------------------------------------------------------
15 238 26 Apr 711 32.8 14.0 19.7 E0.7 Prebud 
20 244 2 May 1516 28.9 18.1 19.8 El.6 
25 249 7 May 2179 26.8 20.9 19.8 E2.4 
30 252 10 May 2679 25.9 22.5 19.9 2.8 Prebud 
35 255 13 May 3219 25.1 24.2 19.7 3.4 
40 257 15 May 3605 24.6 25.2 19.7 3.6 Pre to Early Bud 
45 260 18 May 4063 23.8 26.7 19.8 4.2 
50 262 20 May 4272 23.2 27.7 20.0 4.4 
55 265 23 May 4539 22.7 *29.2 20.3 4.7 Early to Midbud 
60 268 26 May 4713 21. 9 30.6 21.0 5.2 
62 269 C27 May 4783 21. 7 *31.1 21. 2 5.3 
65 271 29 May 4930 21.0 31.8 21.8 5.5 
69 275 2 Jun 5568 *20.0 33.7 23.3 5.9 
70 276 3 Jun 5730 19.7 34.2 23.6 6.1 
75 283 10 Jun 7215 17.8 36.8 26.5 6.7 Early to Midbloom 
80 292 19 Jun 8918 16.1 38.4 29.3 E7.3 Late Bloom 
85 299 26 Jun 10150 16.4 38.1 28.5 E7.6 
Table C.2. Interpolated data for alfalfa variety Anchor, for 
first harvest, in 1987 at Nephi, Utah. 
-----------------------------------------------------------------------
cm FCD Date AGDH %CP o/oADF %OM YLD Mg/ha-l Stage 
-----------------------------------------------------------------------
20 245 3 May 1557 26.7 20.4 20.4 E2.3 
25 251 9 ·May 2517 24.6 23.5 19.9 E3.5 Prebud 
30 253 11 May 2851 24.1 24.3 20.0 3.7 
35 255 13 May 3219 23.7 25.2 19.8 4.1 
40 257 15 May 3605 23.3 26.2 19.8 4.4 Pre to Early Bud 
45 259 17 May 3911 22.9 27.0 19.8 4.6 
50 262 20 May 4272 22.3 28.6 19.9 4.9 
53 263 21 May 4335 22.1 *29.0 20.0 5.0 
55 264 22 May 4425 22.0 29.3 20.1 5.2 Early to Midbud 
60 266 24 May 4643 21.4 30.2 20.5 5.3 
62 267 C25 May 4691 21.3 *31. 0 20.7 5.4 
65 269 27 May 4783 20.9 31.8 21.1 5.5 
70 272 30 May 5071 20.1 33.1 22.1 5.5 
71 273 31 May 5262 *20.0 33.7 22.4 5.6 
75 276 3 Jun 5730 19.4 35.0 23.6 5.7 
80 282 9 Jun 7010 18.0 37.5 26.3 5.4 Midbloom 
-----------------------------------------------------------------------
cm = centimeters of shoot height; FCD = fruit calender day; AGDH = 
accumulated growing degree hours; CP = crude protein; ADF = acid 
detergent fiber; OM = dry matter; YLD = yield; stage = morphological 
stage. *=optimal harvest time criteria of a minimum of 20% CP or 29% 
ADF and maximum of 31% ADF; E = extrapolation beyond a data point; C = 
estimated optimal harvest date. 
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Table C.3. Interpolated data for alfalfa variety Deseret, for 
first harvest, in 1987 at Nephi, Utah. 
-----------------------------------------------------------------------
cm FCD Date AGDH %CP %ADF %DM YLD Mg/ha-l Stage 
-----------------------------------------------------------------------
20 239 27 Apr 873 30.8 15.2 18.6 El.5 Prebud 
25 242 30 Apr 1383 29.3 17.2 18.2 E2.4 
30 245 3 May 1557 27.2 20.5 17. 9 E3. 2 
35 247 5 May 1777 26.2 21. 7 17.6 E3.5 
40 250 8 May 2347 25.5 23.5 17.4 E4.l Prebud 
45 253 11 May 2851 24.9 24.0 17.4 4.5 
50 255 13 May 3219 24.1 26.0 17 .5 4.7 
55 257 15 May 3605 23.9 26.8 17.8 4.8 Early Bud 
60 259 17 May 3911 23.4 27.6 18.0 5.1 
65 262 20 May 4272 23.0 *29.0 18.5 5.3 
70 265 23 May 4539 22.4 30.1 19.3 5.5 Early to Midbud 
73 267 C25 May 4691 21.9 *31.0 20.0 5.6 
75 268 26 May 4713 21. 7 31.2 20.3 5.7 
80 272 30 May 5071 20.7 33.1 21. 9 5.8 
84 275 2 Jun 5568 *20.0 34.3 23.0 6.0 
85 279 6 Jun 6322 18.9 35.7 24.8 6.1 
90 285 12 Jun 7568 17.2 37.2 27.0 6.1 Mid to Late Bloom 
Table C.4. · Interpolated data for alfalfa variety WL-312, for 
second harvest, in 1987 at Nephi, Utah. 
-----------------------------------------------------------------------
cm FCD Date AGDH %CP %ADF %DM YLD Mg/ha-l Stage 
-----------------------------------------------------------------------
30 294 21 Jun 2486 26.3 22.8 20.3 El.8 Pre to Early Bud 
35 296 23 Jun 2870 26.2 23.8 20.2 E2.2 
40 298 25 Jun 3204 26.0 25.0 20.1 E2.5 
45 300 27 Jun 3521 25.3 26.0 20.1 E2.8 Early to Midbud 
50 303 30 Jun 4189 24.1 27.6 20.2 E3.4 
52 305 2 Jul 4557 23.3 *29.0 20.6 E3.7 
55 307 4 Jul 4902 22.3 29.9 20.8 E3.9 
57 309 C 6 Jul 5292 21.4 *31.0 21.1 E4.3 Midbud 
60 311 8 Jul 5643 20.8 31.9 21. 7 4.7 
62 313 10 Jul 6151 *20.0 32.9 22.1 4.9 Lat Bd to Erly Bl 
65 316 13 Jul 6772 19.1 34.2 23.0 5.2 
70 321 18 Jul 7816 18.1 36.1 24.4 5.5 
75 327 24 Jul 8915 17.6 37.5 26.0 E5.3 Late Bloom 
-----------------------------------------------------------------------
cm= centimeters of shoot height; FCD = fruit calender day; AGDH = 
accumulated growing degree hours; CP = crude protein; ADF = acid 
detergent fiber; DM = dry matter; YLD = yield; stage = morphological 
stage. *=optimal harvest time criteria of a minimum of 20% CP or 29% 
ADF and maximum of 31% ADF; E = extrapolation beyond a data point; C = 
estimated optimal harvest date. 
140 
Table C.5. Interpolated data for alfalfa variety Anchor, for 
second harvest, in 1987 at Nephi, Utah. 
-----------------------------------------------------------------------
cm FCD Date AGDH %CP %ADF %OM YLD Mg/ha-I Stage 
------------------------------------------------------------------------
30 294 21 Jun 2486 26.8 22.0 20.4 El.4 Pre to Early Bud 
35 297 24 Jun 3042 26.2 24.5 19.9 El.8 
40 299 26 Jun 3366 25.7 26.0 19.8 E2.2 Early to Midbud 
45 302 29 Jun 3973 24.6 27.6 20.0 E2.7 
49 306 3 Jul 4724 22.9 *29.0 21.0 E3.2 
50 307 4 Jul 4902 22.4 29.1 21.4 E3.4 Midbud 
53 311 C 8 Jul 5643*E20.0 E29.l E23.7 E3.8 
Table C.6. Interpolated data for alfalfa variety Deseret, for 
second harvest, in 1987 at Nephi, Utah. 
-----------------------------------------------------------------------
cm FCD Date AGDH %CP %ADF %OM YLD Mg/ha-I Stage 
-----------------------------------------------------------------------
40 295 22 Jun 
45 298 25 Jun 
47 300 27 Jun 
50 301 28 Jun 
53 303 C30 Jun 
. 5·5 304 I jul 
60 307 4 Jul 
63 309 6 Jul 
65 310 7 Jul 
70 313 10 Jul 
75 317 14 Jul 
80 321 18 Jul 
85 327 24 Jul 
90 334 31 Jul 
3584 25.1 25.5 
4111 23.9 27.8 
4428 23.2 *29.1 
4634 22.8 29.8 
5096 22.0 *31.0 
5281 21.8 31.3 
5809 20.7 32.6 
6199 *20.0 33.4 
6377 19.9 33.8 
7058 18.9 34.8 
7850 18.0 36.0 
8723 17.1 37.2 
9822 16.2 38.6 















Pre to Early Bud 
Early to Midbud 
Mid to Late Bud 




cm = centimeters of shoot height; FCD = fruit cal ender day; AGDH = 
accumulated growing degree hours; CP = crude protein; ADF = acid 
detergent fiber; DM = dry matter; YLD = yield; stage = morphological 
stage. *=optimal harvest time criteria of a minimum of 20% CP or 29% 
ADF and maximum of 31% ADF; E = extrapolation beyond a data point; C = 
estimated optimal harvest date. 
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Table C.7. Interpolated data for alfalfa variety WL-312, for 
third harvest, in 1987 at Nephi, Utah. 
cm FCD Date AGDH %CP %ADF %OM YLD Mg/ha-1 Stage 
30 332 29 Jul 2496 29.9 21.4 16.9 El.2 Prebud 
35 334 31 Jul 2965 28.7 23.1 17 .6 El.5 
40 337 3 Aug 3556 27.1 25.2 18.4 El.9 
45 340 6 Aug 4071 25.8 26.9 19.3 E2.3 Early Bud 
50 344 10 Aug 4892 24.3 28.6 20.5 E2.8 
51 345 11 Aug 5090 23.9 *29.0 20.8 E2.9 
55 348 14 Aug 5729 23.1 29.8 21. 6 E3. 2 Early Bud 
60 353 19 Aug 6629 21.8 29.8 23.0 3.7 Midbud 
61 354 C20 Aug 6838 21. 6 *31. 0 23.2 3.8 
65 359 25 Aug 7945 20.7 31. 7 24.4 4.4 Lat Bd to 
69 364 30 Aug 8808 *20.0 31. 9 25.7 4.7 Midbloom 
70 366 1 Sep 9121 19.8 32 1 26.0 4.8 
75 373 8 Sep 10477 19.1 32.5 27.3 4.8 Late Bloom 
80 385 20 Sep 12372 18.3 34.7 28.8 4.0 Pod 
Table C.8. Interpolated data for alfalfa variety Anchor, for 
third harvest, in 1987 at Nephi, Utah. 
Erly Bl 
-----------------------------------------------------------------------
cm FCD Date AGDH %CP %ADF %OM YLD Mg/ha-l Stage 
-----------------------------------------------------------------------
35 333 30 Jul 3388 27.9 23.8 18.9 El.4 Prebud 
40 336 2 Aug 4002 26.8 24.8 20.0 El. 7 
45 341 7 Aug 4965 24.9 26.7 21. 7 E2.2 Early Bud 
48 346 12 Aug 5942 23.4 *29.0 22.9 E2.7 
50 348 14 Aug 6370 22.8 29.6 23.3 E2.8 Early Bud 
53 353 19 Aug 7270 21. 7 *31. 0 24.1 3.2 Midbud 
55 356 22 Aug 7909 21.2 31. 7 24.8 3.2 
60 365 31 Aug 9611 *20.0 31. 7 26.5 3.1 Midbloom 
62 369 4 Sep 10379 *20.0 *31.0 27.4 3.0 
65 376 11 Sep 11658 *20 .0 29.8 29.1 2.8 Late Bloom 
70 386 C21 Sep 13170 *20.0 *31.0 30.7 2.3 Pod 
72 389 24 Sep 13636 *20.0 32.8 30.7 2.2 
-----------------------------------------------------------------------
cm = centimeters of shoot height; FCD = fruit ca 1 ender day; AGDH = 
accumulated growing degree hours; CP = crude protein; ADF = acid 
detergent fiber; OM = dry matter; YLD = yield; stage = morphological 
stage. *=optimal harvest time criteria of a minimum of 20% CP or 29% 
ADF and maximum of 31% ADF; E = extrapolation beyond a data point; C = 
estimated optimal harvest date. 
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Table C.9. Interpolated data for alfalfa variety Deseret, for 
third harvest, in 1987 at Nephi, Utah. 
cm FCD Date AGDH %CP %ADF %OM YLD Mg/ha-l Stage 
45 334 31 Jul 3606 25.9 26.3 17.5 El.l Prebud 
50 338 4 Aug 4361 24.0 *29.0 19.0 El.5 
53 342 8 Aug 5156 22.6 *31.0 20.5 El.9 Early Bud 
55 345 11 Aug 5731 22.0 31.9 21. 7 E2. 2 Early Bud 
56 353 19 Aug 7270 21.0 32.6 24.6 3.0 MidBud 
57 365 31 Aug 9611 20.5 31.0 27.6 3.7 Late Bloom 
60 373 C 8 Sep 11118 *20.0 30.2 28.7 3.7 Pod 
65 379 14 Sep 12115 19.5 *31.0 29.2 3.6 
70 391 26 Sep 13998 17.5 39.4 31. 7 2.6 Pod 
Table C.10. Interpolated data for alfalfa variety WL-312, for 
fourth harvest, in 1987 at Nephi, Utah. 
cm FCD Date AGDH %CP %ADF %OM 
33 376 11 Sep 904 24.7 24.9 24.8 
32 382 17 Sep 1820 31.3 17.9 18.6 




Early to Midbud 
Table C.11. Interpolated data for alfalfa variety Anchor, for 
fourth harvest, in 1987 at Nephi, Utah. 
cm FCD Date AGDH %CP %ADF %OM Stage 
--------------------------------.--------------------------------------
34 376 11 Sep 3072 23.5 27.0 27.1 
30 382 17 Sep 3988 27.7 20.5 22.1 
32 391 26 Sep 5412 24.3 28.8 23.0 
Early Bud 
Early bud 
Early to Midbud 
Table C.12. Interpolated data for alfalfa variety Deseret, for 
fourth harvest, in 1987 at Nephi, Utah. 
cm FCD Date AGDH %CP %ADF %OM 
30 365 31 Aug 2505 30.0 20.0 16.8 
35 369 4 Sep 3273 27.5 26.0 19.0 
40 372 7 Sep 3836 25.0 28.0 22.5 
45 380 15 Sep 5170 23.5 26.3 24.3 
46 391 26 Sep 6892 21.0 29.2 23.2 
Stage 
Prebud 
Pre to Early Bud 
Early Bud 
Early to Midbud 
cm = centimeters of shoot height; FCD = fruit calender day; AGDH = 
accumulated growing degree hours; CP = crude protein; ADF = acid 
detergent fiber; OM = dry matter; YLD = yield; stage = morphological 
stage. *=optimal harvest time criteria of a minimum of 20% CP or 29% 
ADF and maximum of 31% ADF; E = extrapolation beyond a data point; C = 
estimated optimal harvest date. 
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Table C.13. Interpolated data for alfalfa variety WL-312,for 
first harvest, in 1987 at Grant farm Trenton, Utah. 
-----------------------------------------------------------------------
cm FCD Date AGDH %CP %ADF %OM Stage 
-----------------------------------------------------------------------
20 240 28 Apr 1055 27.8 24.0 18.5 Prebud 
25 244 2 May 1446 27.2 24.6 18.5 
30 247 5 May 1779 26.4 25.2 18.4 
35 250 8 May 2298 25.5 26.5 18.4 
40 253 11 May 2849 24.3 28.3 18.3 Prebud 
42 254 12 May 3040 23.9 *29.0 18.3 
45 255 13 May 3217 23.5 29.3 18.4 
44 258 Cl6 May 3782 22.4 *31.0 18.7 
50 259 17 May 4000 22.0 31.2 18.7 Prebud 
55 263 21 May 4486 20.8 32.0 19.5 
58 266 24 May 4768 *20.0 32.3 20.5 Early Bud 
Table C.14. Interpolated data for alfalfa variety Ranger, for 
first harvest, in 1987 at Grant farm Trenton, Utah. 
-----------------------------------------------------------------------
cm FCD Date AGDH %CP %ADF %OM Stage 
-----------------------------------------------------------------------
20 239 27 Apr 893 
25 241 29 Apr 1231 
30 243 1 May 1431 
35 245 3 May 1511 
40 248 6 May 1957 
45 252 10 May 2671 
42 255 13 May 3217 
50 259 17 May 4000 
53 262 C20 May 4425 


























cm = centimeters of shoot height; FCD = fruit calender day; AGDH = 
accumulated growing degree hours; CP = crude protein; ADF = acid 
detergent fiber; OM = dry matter; YLD = yield; stage = morphological 
stage. *=optimal harvest time criteria of a minimum of 20% CP or 29% 
ADF and maximum of 31% ADF; E = extrapolation beyond a data point; C = 
estimated optimal harvest date. 
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Table C.15. Interpolated data for alfalfa variety Ranger, for 
first harvest, in 1987 at Atkinson farm Trenton, Utah. 
-----------------------------------------------------------------------
cm FCD Date AGDH %CP o/oADF %OM Stage 
-----------------------------------------------------------------------
20 239 27 Apr 893 27.8 24.0 17.3 Prebud 
25 241 29 Apr 1231 26.9 24.4 17.4 
30 243 1 May 1431 26.2 24.8 17.4 
35 246 4 May 1631 25.2 25.8 17.3 
40 248 6 May 1957 24.7 26.4 17.1 
45 251 9 May 2482 24.2 27.7 17.0 
43 253 11 May 2849 23.8 *29.0 16.6 Prebud 
50 254 12 May 3040 23.7 29.3 16.4 
53 257 C15 May 3576 23 .1 *31. 0 16.0 
55 258 16 May 3782 22.9 31.2 16.0 
60 263 21 May 4486 22.1 32.5 16.4 
63 268 26 May 4820*E20.0 E33.5 E20.9 Early Bud 
Table C.16. Interpolated data for alfalfa variety Wl-312, for 
first harvest, in 1987 at Andrew farm Trenton, Utah. 
cm FCD Date AGDH %CP %ADF %OM Stage 
-----------------------------------------------------------------------. 53 261 C19 May 4311 23·.o 
. . 
31.0 16.3 Prebud 
55 262 20 May 4425 22.7 31.1 16.5 
60 264 22 May 4548 22.0 31.2 17.0 
65 266 24 May 4768 20.4 30.5 16.4 Early to Midbud 
Table C.17. Interpolated data for alfalfa variety Anchor (dryland), for 
first harvest, in 1987 at Simmonds farm Trenton, Utah. 
-----------------------------------------------------------------------
cm FCD Date AGDH %CP %ADF %OM Stage 
-----------------------------------------------------------------------
51 261 19 May 4311 22.2 31.4 20.6 
51 267 25 May 4792 20.6 32.0 23.0 




cm = centimeters of shoot height; FCD = fruit calender day; AGDH = 
accumulated growing degree hours; CP = crude protein; ADF = acid 
detergent fiber; OM = dry matter; YLD = yield; stage = morphological 
stage. *=optimal harvest time criteria of a minimum of 20% CP or 29% 
ADF and maximum of 31% ADF; E = extrapolation beyond a data point; C = 
estimated optimal harvest date. 
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Table C.18. Interpolated data for alfalfa variety Oeseret (dryland), 
for first harvest, in 1987 at Simmonds farm Trenton, Utah. 
cm FCD Date AGDH %CP %ADF %OM 
60 262 20 May 4425 20.9 31.9 21.8 
65 265 23 May 4655 *20.0 32.0 22.5 




Table C.19. Interpolated data for alfalfa variety Deseret (irrigated), 
for first harvest, in 1987 at Simmonds farm Trenton, Utah. 
cm FCD Date AGDH %CP o/oADF %OM 
54 258 16 May 3782 E23.4*E29.0 El8.3 
55 260 18 May 4141 E22.9 E29.7 E18.4 
58 265 C23 May 4655 21. 1 *31.0 19.4 
60 267 25 May 4792 20.7 31.5 19.7 




Table C.20. Interpolated data for alfalfa variety Ranger, for 
second harvest, in 1987 at At~inson .farm Trenton, Utah. 
cm FCD Date· 
20 290 17 Jun 
25 294 21 Jun 
30 297 24 Jun 
35 299 26 Jun 
40 301 28 Jun 
42 302 C29 Jun 
45 303 30 Jun 
50 305 2 Jul 
55 307 4 Jul 
60 309 6 Jul 
65 310 7 Jul 
68 311 8 Jul 
AGDH %CP o/oADF %OM 
2009 27.8 26.0 17.8 
2648 25.8 27.8 18.0 
3189 24.4 *29.0 18.1 
3512 23.6 29.8 18.3 
3872 22.9 30.4 18.7 
4114 22.5 *31.0 18.9 
4364 22.1 31.4 19.0 
4768 21.4 32.1 19.4 
5170 20.9 33.0 20.0 
5566 20.3 33.7 20.5 
5764 20.2 34.0 20.8 






cm = centimeters of shoot height; FCD = fruit calender day; AGDH = 
accumulated growing degree hours; CP = crude protein; ADF = acid 
detergent fiber; DM = dry matter; YLD = yield; stage = morphological 
stage. *=optimal harvest time criteria of a minimum of 20% CP or 29% 
ADF and maximum of 31% ADF; E = extrapolation beyond a data point; C = 
estimated optimal harvest date. 
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Table C.21. Interpolated data for alfalfa variety WL-312, for 
second harvest, in 1987 at Andrew farm Trenton, Utah. 
------------------------------------------------------------------------
cm FCD Date AGDH %CP o/..ADF %OM Stage 
-----------------------------------------------------------------------
25 290 17 Jun 2009 25.8 28.2 16.8 Prebud 
30 292 19 Jun 2296 25.1 28.2 16.2 
35 294 21 Jun 2648 24.8 28.2 15.9 
40 296 23 Jun 2998 24.1 28.6 15.9 
45 297 24 Jun 3189 23.9 28.7 15.9 
47 298 25 Jun 3359 23.6 *29.0 16.0 Prebud 
50 300 27 Jun 3674 23.0 29.6 16.2 
55 301 28 Jun 3872 22.8 29.8 16.7 
60 303 30 Jun 4364 22.1 30.5 17.2 
62 304 C 1 Jul 4576 21.8 *31.0 17.8 
65 306 3 Jul 4970 21.1 31.8 18.7 
70 308 5 Jul 5367 20.6 32.9 19.8 
74 309 6 Jul 5566 *20.0 33.4 20.4 Midbud 
Table C.22. Interpolated data for alfalfa variety Anchor (dryland), for 
second harvest, in 1987 at Simmonds farm Trenton, Utah. 
-----------------------------------------------------------------------
cm FCD Date AGDH %CP %ADF %OM Stage 
-----------------------------------------------------------------------
20 290 17 Jun 2009 27.1 27.0 22.8 Prebud 
25 293 20 Jun 2471 26.4 27.8 23.4 
30 295 22 Jun 2809 25.9 28.2 24.0 
35 297 24 Jun 3189 25.2 28.9 24.7 
3"8 298 25 Jun 3359 25.0 *29.0 25.0 Early Bud 
40 299 26 Jun 3512 24.8 29.2 25.1 
45 300 27 Jun 3674 24.2 29.7 25.6 
50 302 29 Jun 4114 23.8 30.2 26.1 
55 304 1 Jul 4576 23.1 30.9 26.7 
57 305 C 2 Jul 4768 22.9 *31.0 27.0 
60 306 3 Jul 4970 22.6 31.3 27.2 
65 310 7 Jul 5764 21.6 32.2 28.7 Early to Midbloom 
70 316 13 Jul 6861 20.3 33.2 30.1 
71 318 15 Jul 7173 *20.0 33.4 30.8 
75 344 10 Aug 12104 19.0 33.7 34.2 
------------------------------------------------------------------------
cm = centimeters of shoot height; FCD = fruit calender day; AGDH = 
accumulated growing degree hours; CP = crude protein; ADF = acid 
detergent fiber; DM = dry matter; YLD = yield; stage = morphological 
stage. *=optimal harvest time criteria of a minimum of 20% CP or 29% 
ADF and maximum of 31% ADF; E = extrapolation beyond a data point; C = 
estimated optimal harvest date. 
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Table C.23. Interpolated data for alfalfa variety Deseret (dryland), 
for second harvest, in 1987 at Simmonds farm Trenton, Utah,. 
cm FCD Date AGDH %CP %ADF %OM 
20 290 17 Jun 2009 25.5 28.1 23.8 
25 292 19 Jun 2296 25.5 28.2 24.0 
30 294 21 Jun 2648 25.1 28.7 24.5 
33 295 22 Jun 2809 25.0 *29.0 24.8 
35 296 23 Jun 2998 24;9 29.1 25.1 
40 298 25 Jun 3359 24.1 30.0 25.8 
45 300 C27 Jun 3674 23.5 *31.0 26.5 
50 302 29 Jun 4114 22.9 31.9 27.1 
55 304 1 Jul 4576 22.0 32.9 28.0 
60 306 3 Jul 4970 21.1 33.7 28.8 
63 309 6 Jul 5566 *20.0 34.3 29.9 
65 310 7 Jul 5764 19.8 34.6 30.0 
70 316 13 Jul 6861 18.0 35.4 32.1 




Early to MidBloom 
Late Bloom 
Table C.24. Interpolated data for alfalfa variety Deseret (irrigated), 
for second harvest, in 1987 at Simmonds farm, Trenton, Utah. 
-----------------------------------------------------------------------
cm FCD Date · AGDH %CP %ADF %OM Stage 
-----------------------------------------------------------------------
25 290 17 Jun 2009 26.6 26.6 17.3 Prebud 
30 291 18 Jun 2144 26.0 27.0 17. 7 
35 292 19 Jun 2296 25.5 27.7 17.9 
40 293 20 Jun 2471 25.1 28.1 18.0 
45 295 22 Jun 2809 24.1 *29.0 18. 7 
50 296 23 Jun 2998 23.8 29.7 18.9 
55 297 24 Jun 3189 23.2 30.0 19.0 Early Bud 
60 299 C26 Jun 3512 22. 6 *31. 0 19. 7 
65 301 28 Jun 3872 21.8 31. 9 20.2 
70 303 30 Jun 4364 21.0 32.7 20.9 
75 305 2 Jul 4768 20.3 33.2 21.3 
78 306 3 Jul 4970 *20.0 33.7 21.8 
80 307 4 Jul 5170 19.7 34.0 22.0 
85 309 6 Jul 5566 19.0 34.4 22.8 Early to Midbloom 
------------------------------------------------------------------------
cm= centimeters of shoot height; FCO = fruit calender day; AGDH = 
accumulated growing degree hours; CP = crude protein; ADF = acid 
detergent fiber; OM = dry matter; YLD = yield; stage = morphological 
stage. *=optimal harvest time criteria of a minimum of 20% CP or 29% 
ADF and maximum of 31% ADF; E = extrapolation beyond a data point; C = 
estimated optimal harvest date. 
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Table C.25. Interpolated data for alfalfa variety Ranger, for 
third harvest, in 1987 at Atkinson farm Trenton, Utah. 
cm FCD Date 
20 331 28 Jul 
25 333 30 Jul 
30 334 31 Jul 
35 336 2 Aug 
40 338 4 Aug 
45 340 6 Aug 
50 342 8 Aug 
55 345 Cll Aug 
60 349 15 Aug 
AGDH %CP %ADF %OM 
977 28.9 23.4 17.7 
1475 27.9 23.8 18.1 
1668 27.4 24.0 18.2 
2042 26.5 24.9 18.6 
2366 25.4 25.9 18.8 
2719 24.5 27.2 18.8 
3144 23.7 *29.0 19.0 
3613 22.5 *31.0 19.0 




Early to Midbud 
Table C.26. Interpolated data for alfalfa variety WL-312, for 
third harvest, in 1987 at Andrew farm Trenton, Utah. 
cm FCD Date AGDH %CP %ADF %OM Stage 
-----------------------------------------------------------------------
30 331 28 Jul 2060 26.4 26.4 16.1 
35 333 30 Jul 2558 26.0 27.0 17.1 
40 335 1 Aug 2944 25.3 28.0 17.8 
45 337 3 Aug 3295 24.7 *29.0 18.4 
50 339 5 Aug 3617 . 23.9 29.8 18.9 
55 341 C 7 Aug 4023 23.2 *31.0 19.1 
60 343 9 Aug 4348 22.4 31.9 19.6 
65 345 11 Aug 4696 21.7 33.0 19.9 
70 347 13 Aug 5076 20.9 34.3 19.9 
75 349 15 Aug 5437*E20.0 E35. 7 E20.0 
Prebud 
Pre to Early Bud 
Midbud 
------------------------------------------------------------------------
cm = centimeters of shoot height; FCD = fruit calender day; AGDH = 
accumulated growing degree hours; CP = crude protein; ADF = acid 
detergent fiber; OM = dry matter; YLD = yield; stage = morphological 
stage. *=optimal harvest time criteria of a minimum of 20% CP or 29% 
ADF and maximum of 31% ADF; E = extrapolation beyond a data point; C = 
estimated optimal harvest date. 
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Table C.27. Interpolated data for alfalfa variety Deseret (irrigated), 
for third harvest, in 1987 at Simmonds farm Trenton, Utah. 
-----------------------------------------------------------------------
cm FCD Date AGDH %CP %ADF %OM Stage 
-----------------------------------------------------------------------
15 331 28 Jul 977 31. 7 20.6 17. 7 Prebud 
20 334 31 Jul 1668 30.1 21.4 18.3 
25 336 2 Aug 2042 28.9 22.7 18.7 
30 337 3 Aug 2212 28.1 23.3 18.8 
35 338 4 Aug 2366 27.7 24.1 18.9 
40 339 5 Aug 2534 26.9 24.9 19.0 Prebud 
45 341 7 Aug 2940 25.7 26.5 19.0 
50 342 8 Aug 3144 25.0 27.3 19.0 
55 343 9 Aug 3265 24.4 28.3 19.1 
60 344 10 Aug 3425 23.9 *29.0 19.1 
65 346 12 Aug 3806 23.0 30.2 19.1 
68 347 Cl3 Aug 3993 22.6 *31.0 19.1 Mid to Late Bud 
70 348 14 Aug 4199 22.3 31.3 19.1 
75 351 17 Aug 4700 21.5 32.2 19.1 Early Bloom 
80 357 23 Aug 5838 21.0 33.0 20.8 Midbloom 
84 365 31 Aug 7271 *20.0 34.0 23.2 
85 367 2 Sep 7587 19.0 35.7 23.2 Late Bloom 
Table C.28. Interpolated data for alfalfa variety Ranger, for 
fourth harvest, in 1987 at Atkinson farm Trenton, Utah. 
-----------------------------------------------------------------------
cm FCD Date AGDH %CP o/..ADF %OM Stage 
-----------------------------------------------------------------------
24 383 18 Sep 3386 26.7 25.3 19.6 Prebud 
Table C.29. Interpolated data for alfalfa variety WL-312, for 
fourth harvest, in 1987 at Andrew farm Trenton, Utah. 
-----------------------------------------------------------------------
cm FCD Date AGDH %CP %ADF %OM Stage 
-----------------------------------------------------------------------
25 368 3 Sep 2183 29.8 22.3 14.3 
30 372 7 Sep 2877 28.1 23.9 16.0 
35 377 12 Sep 3684 25.9 26.0 18.3 
40 382 17 Sep 4571 23.7 28. 1 20.4 




cm = centimeters of shoot height; FCD = fruit calender day; AGDH = 
accumulated growing degree hours; CP = crude protein; ADF = acid 
detergent fiber; DM = dry matter; YLD = yi e 1 d; stage = morpho 1 ogi cal 
stage. *=optimal harvest time criteria of a minimum of 20% CP or 29% 
ADF and maximum of 31% ADF; E = extrapolation beyond a data point; C = 
estimated optimal harvest date. 
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Table C.30. Interpolated data for alfalfa variety WL-312, for 
first harvest, in 1987 at Spanish Fork, Utah. 
cm FCD Date AGDH %CP %ADF %OM Stage 
-----------------------------------------------------------------------
20 242 30 Apr 2266 28.7 20.8 19.8 Prebud 
25 247 5 May 2685 26.6 23.9 19.9 
30 250 8 May 3302 25.4 26.3 20.0 
35 253 11 May 3999 24.1 *29.0 20.4 Pre to Early Bud 
40 256 14 May 4679 23.0 30.2 21.0 
45 258 Cl6 May 5164 22.2 *31.0 21.4 Early Bud 
50 262 20 May 5757 21.1 32.0 22.6 
52 267 25 May 6248*E20.0 E32.8 E24.4 Midbud 
Table C.31. Interpolated data for alfalfa variety Anchor, for 
first harvest, in 1987 at Spanish Fork, Utah. 
cm FCD Date AGDH %CP %ADF %OM Stage 
---------------------------------------------- -------------------------
20 241 29 Apr 2036 28.4 21.1 20.0 Prebud 
25 246 4 May 2591 26.3 23.8 20.2 
30 248 6 May 2864 25.7 25.0 20.4 
35 251 9 May 3551 24.5 26.7 20.6 Pre to Early Bud 
40 253 11 May 3999 23.8 27.9 20.8 
45 255 13 May 4450 23.1 *29.0 21.1 
50 258 16 May 5164 22.0 30.4 21. 7 Early Bud 
52 259 C17 May 5370 21.7 *31.0 21. 9 
55 262 20 May 5757 20.6 32.0 22.4 
56 263 21 May 5865 *20.0 32.3 22.7 Early to Midbud 
Table C.32. Interpolated data for alfalfa variety Deseret, for 
first harvest, in 1987 at Spanish Fork, Utah. 
-----------------------------------------------------------------------
cm FCD Date AGDH %CP %ADF %OM Stage 
-----------------------------------------------------------------------
25 238 26 Apr 1409 29.0 19.0 19.6 Prebud 
30 243 1 May 2429 26.2 23.1 19.4 
35 247 5 May 2685 24.5 25.7 19.6 
40 250 8 May 3302 23.4 27.1 20.0 
45 253 11 May 3999 22.4 28.3 20.5 Pre to Early Bud 
48 255 13 May 4450 21.8 *29.0 20.9 
50 257 15 May 4933 21. 0 29.7 21. 7 
54 260 C18 May 5497 *20.0 30.3 22.7 Early Bud 
55 261 19 May 5636 19.8 30.7 23.1 
57 263 21 May 5865 19.1 *31.0 23.9 Early to Midbud 
------------------------------------------------------------------------
cm = centimeters of shoot height; FCD = fruit calender day; AGDH = 
accumulated growing degree hours; CP = crude protein; ADF = acid 
detergent fiber; OM = dry matter; YLD = yield; stage = morphological 
stage. *=optimal harvest time criteria of a minimum of 20% CP or 29% 
ADF and maximum of 31% ADF; E = extrapolation beyond a data point; C = 
estimated optimal harvest date. · 
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Table C.33. Interpolated data for alfalfa variety WL-312 (field), for 
first harvest, in 1987 at Spanish Fork, Utah. 
cm FCD Date AGDH %CP o/oADF %OM Stage 
20 242 30 Apr 2266 28.8 21.0 20.7 Prebud 
25 247 5 May 2685 27.1 22.7 21.4 
30 250 8 May 3302 25.8 24.4 21.9 
35 253 11 May 3999 24.2 26.9 22.4 Pre to Early Bud 
40 255 13 May 4450 23.3 *29.0 22.9 
44 258 Cl6 May 5164 21. 9 *31. 0 23.3 
45 259 17 May 5370 21.4 31.9 23.5 Early Bud 
48 264 22 May 5917 *20.0 33.8 24.5 Midbud 
Table C.34. Interpolated data for alfalfa variety WL-312, for 
second harvest, in 1987 at Spanish Fork, Utah. 
cm FCD Date AGDH %CP %ADF %OM 
40 304 1 Jul 5856 23.5 29.9 19.1 
45 306 3 Jul 6299 22.3 30.1 20.2 
50 308 5 Jul 6788 21.1 30.4 21.2 
53 310 C 7 Jul 7230 *20.0 30.8 22.1 
55 311 8 Jul 7481 El9.7*E31.0 E22.8 
Stage 
Early to Midbud 
Midbud 
Table C.35. Interpolated data for alfalfa variety Anchor, for 
second harvest, in 1987 at Spanish Fork, Utah. 
cm FCD Date AGDH %CP %ADF %OM 
40 305 2 Jul 6088 25.1 26.1 19.7 
45 307 4 Jul 6545 23.0 28.2 20.2 
47 308 5 Jul 6788 22.0 *29.0 20.7 
50 309 6 Jul 7002 21.0 30.2 20.8 
52 310 C 7 Jul 7230 *20.0 *31.0 20.9 
Stage 
Early to Midbud 
Midbud 
cm= centimeters of shoot height; FCD = fruit calender day; AGDH = 
accumulated growing degree hours; CP = crude protein; ADF = acid 
detergent fiber; OM = dry matter; YLD = yi e 1 d; stage = morpho 1 ogi ca 1 
stage. *=optimal harvest time criteria of a minimum of 20% CP or 29% 
ADF and maximum of 31% ADF; E = extrapolation beyond a data point; C = 
estimated optimal harvest date. 
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Table C.36. Interpolated data for alfalfa variety Deseret, for 
second harvest, in 1987 at Spanish Fork, Utah. 






304 1 Jul 
306 3 Jul 
307 4 Jul 
308 C 5 Jul 
309 6 Jul 
AGDH %CP %ADF %OM 
5856 23.4 27.9 18.2 
6299 22.9 *29.0 19.0 
6545 21.9 29.9 19.2 
6788 21.1 *31.0 19.4 
7002 *20.0 31.9 19.9 
Stage 
Early to Midbud 
Midbud 
Table C.37. Interpolated data for alfalfa variety WL-312 (field), for 
second harvest, in 1987 at Spanish Fork, Utah. 






305 2 Jul 
306 3 Jul 
307 4 Jul 
309 6 Jul 
312 C 9 Jul 
AGDH %CP %ADF %OM 
6088 23.9 28.2 19.8 
6299 23.2 *29.0 20.2 
6545 22.9 29.1 20.9 
7002 22.0 29.8 21.9 
7702*E20.0*E31.0 E23.5 
Stage 
Early to Midbud 
Midbud 
Table C.38. Interpolated data for alfalfa variety WL-312, for 
third harvest, in 1987 at Spanish Fork, Utah. 
-----------------------------------------------------------------------
cm FCD Date AGDH %CP o/oADF %OM Stage 
-----------------------------------------------------------------------
30 334 31 Jul 3706 25.4 26.1 19.7 Pre to Early Bud 
35 336 2 Aug 4132 25.2 26.3 20.0 
40 338 4 Aug 4575 24.9 26.7 20.3 
45 341 7 Aug 5214 24.4 27.4 20.7 Early to Mid bud 
50 343 9 Aug 5702 24.1 28.0 21.0 
55 346 12 Aug 6411 23.8 *29.0 21. 5 Mid to Late Bud 
------------------------------------------------------------------------
cm = centimeters of shoot height; FCD = fruit ca 1 ender day; AGDH = 
accumulated growing degree hours; CP = crude protein; ADF = acid 
detergent fiber; OM = dry matter; YLD = yield; stage = morphological 
stage. *=optimal harvest time criteria of a minimum of 20% CP or 29% 
ADF and maximum of 31% ADF; E = extrapolation beyond a data point; C = 
estimated optimal harvest date. 
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Table C.39. Interpolated data for alfalfa variety Anchor, for 
third harvest, in 1987 at Spanish Fork, Utah. 
-----------------------------------------------------------------------
cm FCD Date AGDH %CP %ADF %OM Stage 
-----------------------------------------------------------------------
30 333 30 Jul 3451 26.1 24.8 20.0 Pre to Early Bud 
35 337 3 Aug 4345 24.9 27.2 20.9 
40 339 5 Aug 4786 24.6 28.1 21. 5 Midbud 
44 341 7 Aug 5214 24.2 *29.0 22.0 
45 342 8 Aug 5456 24.0 29.0 22.1 
50 344 10 Aug 5934 23.9 29.6 22.3 
55 346 12 Aug 6411 23.9 30.0 22.6 Mid to Late Bud 
Table C.40. Interpolated data for alfalfa variety Deseret, for 
third harvest, in 1987 at Spanish Fork, Utah. 
-----------------------------------------------------------------------
cm FCD Date AGDH %CP %ADF %OM Stage 
-----------------------------------------------------------------------
40 335 1 Aug 3922 25.0 25.5 18.3 Pre to Early Bud 
45 337 3 Aug 4345 24.2 26.8 18.6 
50 339 5 Aug 4786 23.7 27.9 19.0 Midbud 
55 341 7 Aug 5214 23.0 *29.0 19.7 
60 343 9 Aug 5702 22.7 29.6 22.7 
65 345 11. Aug 6163 2°1.4 30.1 22.1 
70 347 13 Aug 6648 21. 7 30.6 22.7 Mid to Late Bud 
81 350 Cl6 Aug 7325 *E31.0 
Table C.41. Interpolated data for alfalfa variety WL-312 (field), for 
third harvest, in 1987 at Spanish Fork, Utah. 
-----------------------------------------------------------------------
cm FCD Date AGDH %CP o/aADF %OM Stage 
-----------------------------------------------------------------------
30 335 1 Aug 3922 26.1 24.0 20.1 Pre to Early Bud 
35 337 3 Aug 4345 25.6 26.2 20.7 
40 339 5 Aug 4786 25.0 27.3 21.0 Early to Midbud 
45 342 8 Aug 5456 23.9 *29.0 21. 2 
50 344 10 Aug 5934 23.3 30.2 21.3 
55 345 Cll Aug 6163 23.0 *31.0 21.3 
60 347 13 Aug 6648 22.1 32.0 21. 2 Mid to Late Bud 
------------------------------------------------------------------------
cm = centimeters of shoot height; FCD = fruit calender day; AGDH = 
accumulated growing degree hours; CP = crude protein; ADF = acid 
detergent fiber; DM = dry matter; YLD = yield; stage = morphological 
stage. *=optimal harvest time criteria of a minimum of 20% CP or 29% 
ADF and maximum of 31% ADF; E = extrapolation beyond a data point; C = 
estimated optimal harvest date. 
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Table C.42. Interpolated data for alfalfa variety WL-312, for 
fourth harvest, in 1987 at Spanish Fork, Utah. 
cm FCD Date AGDH %CP %ADF %OM Stage 
---------------------------------------------------------------------- -
25 375 10 Sep 3502 27.2 20.4 19.4 
30 380 15 Sep 4430 26.4 21.7 20.3 
35 383 18 Sep 4854 26.3 22.4 20.7 
40 385 20 Sep 5173 26.3 22.9 21.0 
45 387 22 Sep 5530 26.3 23.3 21.4 
Prebud 
Early Bud 
Early to Midbud 
Table C.43. Interpolated data for alfalfa variety Anchor, for 
fourth harvest, in 1987 at Spanish Fork, Utah. 
cm FCD Date AGDH %CP %ADF %OM 
25 370 5 Sep 2433 28.3 20.3 19.1 
30 377 12 Sep 3908 26.6 22.0 19.8 
35 381 16 Sep 4628 25.9 22.7 20.7 
40 385 20 Sep 5173 25.2 23.1 22.0 




Early to Midbud 
Table C.44. Interpolated data for alfalfa variety Deseret, for 
fourth harvest, in 1987 at Spanish Fork, Utah. 
cm FCD Date AGDH %CP %ADF %OM Stage 
-----------------------------------------------------------------------
35 372 7 Sep 2824 28.7 19.1 17.4 Prebud 
40 378 13 Sep 4132 28.5 19.6 18.3 Early Bud 
45 384 19 Sep 5008 27.7 20.9 19.6 
47 388 23 Sep 5744 26.7 22.7 20.7 Midbud 
Table C.45. Interpolated data for alfalfa variety WL-312 (field), for 
fourth harvest, in 1987 at Spanish Fork, Utah. 
cm FCD Date AGDH %CP %ADF %OM 
30 373 8 Sep 3074 28.2 20.0 18.8 
35 379 14 Sep 4291 27.5 21.5 19.0 
40 382 17 Sep 4756 27.0 22.1 20.7 
45 385 20 Sep 5173 26.7 22.5 21.3 




Early to Midbud 
cm = centimeters of shoot height; FCD = fruit cal ender day; AGDH = 
accumulated growing degree hours; CP = crude protein; ADF = acid 
detergent fiber; OM = dry matter; YLD = yield; stage = morphological 
stage. *=optimal harvest time criteria of a minimum of 20% CP or 29% 
ADF and maximum of 31% ADF; E = extrapolation beyond a data point; C = 
estimated optimal harvest date. 
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Appendix D. Accumulated Growing 
Degree Hour Data Tables 
Note: 
• 
Accumulated growing degree hours were calculated from maximum 
and minimum daily temperatures, which were recorded by data 
loggers or at climatological stations of the National Weather 
Service, using ASYMCUR computer software. Fruit calender 
date, used by the same software, refers to a consecutive 
numbering system for calender days similar to the Julian 
system, except beginning 1 September. 
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Table D.l. Accumulated growing degree hours for alfalfa variety 
WL-312, for all harvests, in 1987 at Nephi, Utah. 
------------------------------------------------------------------------















































































































































FCD • fruit calender day; AGDH • accumulated growing degree hours; HVT = 
harvest; 1-4 • first through fourth harvests. 
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• 
Table 0.1. (cont.). AGDH at Nephi, Utah for alfalfa variety WL-312. 
------------------------------------------------------------------------
DATE FCD AGDH lHVT AGDH 2HVT AGDH 3HVT AGDH 4HVT AGDH 
------------------------------------------------------------------------,Jun 6 279 7989 6:~22 
7 280 8211 6544 
8 281 8451 6784 
9 282 8677 7010 226 
10 283 8882 7215 431 
1 1 284 9060 7393 609 
12 285 9235 7568 784 
1 ·-. .::, 286 9403 7736 952 
14 287 9566 7899 1115 
15 288 9787 8120 1336 
16 289 10037 8370 1586 
17 290 10224 8557 1773 
18 291. 10402 8735 1951 
19 292 10585 8918 2134 
20 293 10762 9095 2311 
21 294 10937 9270 2486 
22 295 11128 9461 2677 
-J"":!' .,;...._. 296 11321 965'-1· 2870 
24 297 1 l.4-93 9826 ::;042 
25 298 11655 9981:! 3 204 
26 299 11817 10 :L ~30 3 366 
27 300 11972 10305 3521 
28 301 12178 10511 3727 
29 3<)2 12424 10757 3973 
,Jun 3() 303 1 :~64-0 10973 4189 
,Jul l 304 12825 11158 4374 ,., 3(>5 13008 l.1341 4557 .... 
-::-.... • 306 13175 11508 4724 · 
•l :;07 13353 11686 4-902 
5 308 13541 11874 5090 
6 309 13743 12076 5292 
7 310 13921 12254 5470 
1:3 311 14094 12427 5643 
9 312 14329 12662 5878 
10 313 14602 12935 6151 
1 1 314 14826 13159 6375 
12 ~:-15 15040 1.3373 6589 
13 316 15223 13556 6772 
14 317 15394 l.3727 6943 
l.5 318 15555 13888 7104 
l.6 319 15775 14108 7324 
l.7 32(> 16035 ll.J-368 7584 
113 321 16267 14600 7816 ,_, -:-:-,., .... _ . _ 
19 322 16457 14790 8006 422 
20 ~'.-23 16615 1494-8 816'1 - 580 
2l 324 16818 15151 8367 783 
Jul 22 325 17028 15361 8577 993 ------------------------------------------------------------------------
FCD ~ fruit calender day; AGDH = accumulated growing degree hours; HVT = 
harvest; 1-4 • first through fourth harvests. 
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Table 0.1. (cont.). AGDH at Nephi, Utah for alfalfa variety WL-312. 
DATE FCD AGDH lHVT AGDH 2HVT AGDH 3HVT AGDH 4HVT AGDH 
Jul 23 326 17207 15540 











... ltJl 31 334 









10 34'1 · 
11 345 
12 346 































19 353 22664 
20 354 22873 
21 355 23095 
22 356 233(>3 
~23 357 235(>5 
24 358 23770 
25 359 23980 
26 360 24162 
27 361 2"1-332 
28 362 2'1-505 
29 363 24676 
30 364· 24843 
Aug 31 365 25005 
Sep 1 366 25156 
2 367 25329 
:3 368 25554 
4 369 25773 
5 370 25975 
6 371 26148 











































































































































FCD a fruit calender day; AGDH = accumulated growing degree hours; HVT =
harvest; 1-4 = first through fourth harvests. 
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Table 0.1. (cont.). AGDH at Nephi, Utah for alfalfa variety WL-312. 




























































































































































3 6 2 1 
376 2 
FCD = fruit calender day; AGDH = accumulated growing degree hours; HVT = 
harvest; 1-4 = first throuqh fourth harvests. 
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Table D.2. Accumulated growing degree hours for alfalfa variety 
Anchor, for all harvests, in 1987 at Nephi, Utah. 
------------------------------------------------------------------------


















































































































































FCD • fruit calender day; AGDH • accumulated growing degree hours; HVT = 
harvest; 1-4 • first through fourth harvests. 
Table D.2. (cont.). AGDH at Nephi, Utah for alfalfa variety Anchor. 
DATE FCD AGDH lHVT AGDH 2HVT AGDH 3HVT AGDH 4HVT AGDH 
Jun 6 279 7989 
7 280 8211 
8 281 8451 
9 282 8677 
10 283 8882 
11 284 9060 
1.:~ 285 9235 
13 286 9403 
14 287 9566 
15 288 9787 
16 289 10037 
17 290 10224 
18 291 10402 
19 292 10585 
20 293 10762 
21 294 10937 
22 295 11128 
23 296 11321 
24 297 114-93 
25 298 11655 
26 299 11817 
27 300 11972 
28 301 1.2178 
29 302 12424 
Jun 30 303 12640 
Jul 1 304 12825 
2 305 13008 
3 ::06 1 ~:.1 75 
4 307 1.3353 
5 308 13 541 
6 309 13743 
7 310 13921 
8 311 14094· 
9 312 14329 
10 31. 3 1 •1602 




































































































































FCD • fruit calender day; AGDH = accumulated growing degree hours; HVT =
harvest; 1-4 = first through fourth harvests. 
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Table D.2. (cont.). AGDH at Nephi, Utah for a~falfa variety Anchor. 





















































3 51 :~23 45 
1 B 3 ~32 22500 
19 3 53 22664 
2 0 3 54 22073 
21 3 55 23 095 
~2~::: 357 235<)5 
2•1- :::58 23770 
25 359 2 3 980 
26 360 24162 
27 361 24332 
28 :::::62 24-505 
29 3 63 24676 

























































































































Aug 3 1 365 25005 23338 16554 9611 1025 
Sep 1 366 25156 23489 16705 9762 1176 
2 367 25329 23662 16878 9935 1349 
3 368 25554 23887 17103 10160 1574 
4 369 25773 24106 17322 10379 1793 
5 370 25975 24308 17524 10581 1995 
6 371 26148 24481 17697 10754 2168 
Sep __ ? ___ :~?? ___ ~?~-~~ ______ ~'!_6_6_9_ _ ___ ; ?_8_~'.?-_____ ! ~)__c~~? ________ -~:~,~!J_ 
FCD 2 fruit calender day; AGDH = accumulated growing degree hours; HVT = 
harvest; 1-4 = first through fourth harvests. 
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Table 0.2. (cont.). AGDH at Nephi, Utah for alfalfa variety Anchor. 
DATE FCD AGDH lHVT AGDH 2HVT AGDH 3HVT AGDH 4HVT AGDH 
Sep 8 373 26512 24845 18061 11118 2532 
9 374 26708 25041 18257 11314 2728 
10 375 26889 25222 18438 11495 2909 
11 376 27052 25385 18601 11658 3072 
12 . 377 27215 25548 18764 11821 3235 
13 378 27369 25702 18918 11975 3389 
14 379 27509 25842 19058 12115 3529 
15 380 27670 26003 19219 12276 3690 
16 381 27824 26157 19373 12430 3844 
17 382 27968 26301 19517 12574 3988 
18 383 28110 26443 19659 12716 4130 
19 384 28256 26589 19805 12862 4276 
20 385 28407 26740 19956 13013 4427 
21 386 28564 26897 20113 13170 4584 
22 387 28718 27051 20267 13324 4738 
23 3 80 28872 27205 20421 13478 4892 
24 389 29030 27363 20579 13636 5050 
25 390 29212 27545 20761 13818 5232 
26 391 29392 27725 20941 13998 5412 
27 392 29517 27850 21066 14123 5537 
28 393 29636 27969 21185 14242 5656 
29 394 29769 28102 21318 14375 5789 
Sep 30 395 29910 28243 21459 14516 5930 
------------------------------------------------------------------------
FCD = fruit calender day; AGDH = accumulated growing degree hours; HVT =
harvest; 1-4 = first through Tourth harvests. 
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Table 0.3. Accumulated growing degree hours for alfalfa variety 
Deseret, for all harvests, in 1987 at Nephi, Utah. 
------------------------------------------------------------------------DATE FCD AGDH lHVT AGDH 2HVT AGDH 3HVT AGDH 4HVT AGDH 





26 2 :~::8 
27 239 
28 24 -0 
29 241 
/.)pr 30 242 























21 263 ,__,., 
.~,.;... 264 
2 3 265 


























3 224 1557 
3315 1648 
3 444 1777 
3 641 1974 
3846 2179 
4014 2 :347 
4184 2517 
4 3 46 2679 
4518 2851 
4701 3 034 
4886 3219 
5060 3393 
5272 360 5 
5470 3 803 
5578 3 911 
5730 4063 
5838 4171 
















7758 6091 214 
------------------------------------------------------------------------
FCD a fruit calender day; AGDH = accumulated growing degree hours; HVT = 
harvest; 1-4 = first through fourth harvests. 
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Table D.3. (cont.). AGDH at Nephi, Utah for alfalfa variety Deseret. 
------------------------------------------------------------------------
DATE FCD AGDH IHVT AGDH 2HVT AGDH 3HVT AGDH 4HVT AGDH 
------------------------------------------------------------------------
Jun 6 279 7989 6322 445 
7 280 8211 6544 667 
8 281 13451 6784 907 
9 282 8677 7010 1133 
10 283 8882 7215 1338 
1 1 284 9060 7393 1516 
12 285 9235 7568 1691 
1-::--· 286 9403 7731., 1859 
14 287 9566 7899 2022 
15 288 9787 8120 2243 
16 289 10037 s::::70 2493 
17 290 10224 8557 2680 
l.8 291 10402 8735 2858 
19 292 10585 8918 3041 
20 293 10762 9095 3218 
21 294 - 10937 9270 3393 
'?.., 
.L. .. ~ 295 11128 9461 3584 
23 296 11321 9654 3777 
24 2c-:n 11493 9826 3949 
25 298 11655 9988 4-111 
26 299 11817 10150 4273 
27 300 11972 10305 4428 
28 301 12178 10511 4-634 
29 3 02 12424 10757 •1-880 
,Jun ~:-O 3<)3 12640 10973 5096 
Jul 1 304 12825 11158 5281 
2 305 13008 11341 5464 
3 306 13175 11508 5631 
4 307 13 :353 l.1686 5809 
5 308 13541 11874 5997 
6 309 13743 12076 6199 
7 310 13921 12254 6377 
8 311 14-094 12427 6550 
9 312 14329 12662 6785 
1 (l 313 14602 12935 7058 
1 1 314 14826 13159 7282 
12 315 15040 13373 7496 
13 316 15223 13556 7679 
1 l~ 317 15394 13727 7850 
15 318 15555 13888 8011 161 
16 319 15775 14108 8231 381 
17 32<) 16035 l.4368 8491 641 
18 321 16267 14600 8723 873 
19 322 l.6457 1 'l-790 8913 1063 
2(1 -,.,-.. .. ~•k -.::1 16615 14948 9071 1221 
2l 324 16818 15151 9274 1424-
.. lLtl 22 325 17028 15361 94-84 1634 
------------------------------------------------------------------------
FCD a fruit calender day; AGDH = accumulated growing degree hours; HVT =
harvest; 1-4 = first through fourth harvests. 
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Table D.3. (cont.). AGDH at Nephi, Utah for alfalfa variety Deseret. 
DATE FCD AGDH lHVT AGDH 2HVT AGDH 3HVT AGDH 4HVT AGDH 
Jul 23 326 17207 
24 327 17366 
2~5 328 1 7569 
26 329 17792 
27 330 18025 
28 331 18280 
29 332 18531. 
~5(> 333 18782 
Jul 31 334 19000 
Aug 1 335 19190 
2 336 19396 
3 337 19591 
4 338 19755 
5 339 l.9922 
6 340 201.06 
7 341 20359 
8 342 20550 
c:; 343 2(>7 4-l. 
10 344 20927 
11 345 21125 
12 346 21336 
13 347 21541 
14 348 21764 
1.5 349 21994 
16 350 22182 
1 7 351 ~~2345 
18 352 22500 
19 353 22664 
20 354 22873 
21 355 23095 
22 356 233(>3 
23 357 23505 
24 358 23770 
25 359 23980 
26 360 24162 
27 361 24332 
28 362 24505 
29 363 24676 
30 364 24843 
Aug 31 365 25005 
Sep 1 366 25156 
2 31.:>7 25329 
3 368 25554 
4 369 25773 
5 370 25975 
6 371 26148 


































































































































































FCD = fruit calender day; AGDH = accumulated growing degree hours; HVT = 
harvest; 1-4 = first through fourth harvests. 
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Table 0.3. (cont.). AGDH at Nephi, Utah for alfalfa variety Deseret. 
DATE FCD AGDH lHVT AGDH 2HVT AGDH 3HVT AGDH 4HVT AGDH 
Sep 8 373 26512 
9 374 26708 
10 375 26889 
11 376 27052 
12 377 27215 
13 378 27369 
14 379 27509 
15 380 27670 
16 3131 27824 
1 7 :392 27968 













































19 384 28256 26589 20712 12862 5756 
20 385 28407 26740 20863 13013 5907 
21 386 28564 26897 21020 13170 6064 
22 387 28718 27051 21174 13324 6218 
23 388 28872 27205 21328 13478 6372 
24 389 29030 27363 21486 13636 6530 
25 390 29212 27545 21668 13818 6712 
26 391 29392 27725 21848 13998 6892 
27 392 29517 27850 21973 14123 7017 
28 393 29636 .27969 22092 14242 7136 
29 394 29769 28102 22225 14375 7269 
Sep 30 395 29910 28243 22366 14516 7410 
------------------------------------------------------------------------
FCD • fruit calender day; AGDH = accumulated growing degree hours; HVT = 
harvest; 1-4 a first through fourth harvests. 
168 
Table D.4. Accumulated growing degree hours for alfalfa varieties 
listed, for all harvests, in 1987 at Trenton, Utah. 
------------------------------------------------------------------------





















































































































































FCD = fruit calender day; AGDH = accumulated growing degree hours; HVT = 
harvest; 1-4 = first through fourth harvests. 
169 
Table 0.4. (cont.). AGDH at Trenton, Utah for alfalfa varieties listed. 
------------------------------------------------------------------------
DATE FCD 























2 8 301 
29 302 
Jun 30 303 
.Jul 1 304 




















































































































































19 322 15387 14026 7956 360 
20 323 15552 14191 8121 525 
Jul 21 324 15697 14336 8266 670 ------------------------------------------------------------------------
FCD = fruit calender day; AGDH = accumulated growing degree hours; HVT = 
harvest; 1-4 = first through fourth harvests. 
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Table 0.4. (cont.). AGOH at Trenton, Utah for alfalfa varieties listed. 

















































































18 352 20955 
19 353 21092 
20 354 21307 
21 355 21565 
22 356 21766 
23 357 21948 
24 358 22156 
25 359 22366 
26 360 22560 
2·7 31.) 1 22735 
28 362 22896 
29 36~5 23068 
3(> 364 · 23224 
Aug 31 365 23381 
Sep 1 366 23539 
2 367 23697 
3 368 23949 
4 36<? 24· 1 72 
5 370 24331 































































































































































FCD = fruit calender day; AGDH = accumulated growing degree hours; HVT = 
harvest; 1-4 = first through fourth harvests. 
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Table 0.4. (cont.). AGDH at Trenton, Utah for alfalfa varieties listed. 
--------------------------------------------------------------------
DATE FCD AGDH lHVT AGDH 2HVT AGDH 3HVT AGDH 4HVT AGDH 
---------------------------------------------------------------------








































27 392 27686 
28 393 27804 
21;> 394 27933 

































































































FCD = fruit calender day; AGDH = accumulated growing degree hours; HVT = 
harvest; 1-4 = first through fourth harvests. 
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Table D.5. Accumulated growing degree hours for alfalfa varieties 
listed, for all harvests, in 1987 at Trenton, Utah. 
------------------------------------------------------------------------






















































































































































FCD = fruit calender day; AGDH = accumulated growing degree hours; HVT = 
harvest; 1-4 = first through fourth harvests. 
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Table D.S. (cont.). AGDH at Trenton, Utah for alfalfa varieties listed. 
DATE FCD 

























Jun 30 303 






























































































































































FCD = fruit calender day; AGDH = accumulated growing degree hours; .HVT = 
harvest; 1-4 = first through fourth harvests. 
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Table D.S. (cont.). AGDH at Trenton, Utah for alfalfa varieties listed. 
DATE FCD AGDH lHVT AGDH 2HVT AGDH 3HVT AGDH 4HVT AGDH 
Jul 22 325 15916 
23 326 16110 




































































































28 362 22896 
29 :;63 23068 
::::(> 364 23224 
Aug 31 365 23381 
Sep 1 366 23539 
2 367 23697 
3 368 23949 
4 369 24172 
5 370 24331 




















































































































































FCD = fruit calender day; AGDH = accumulated growing degree hours; HVT = 
harvest; 1-4 = first through fourth harvests. 
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Table D.S. (cont.). AGDH at Trenton, Utah for alfalfa varieties listed. 
DATE FCD AGDH lHVT AGDH 2HVT AGDH 3HVT AGDH 4HVT AGDH 
Sep 7 372 24643 
8 373 24816 
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FCD = fruit calender day; AGDH = accumulated growing degree hours; HVT = 
harvest; 1-4 = first through fourth harvests. 
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Table D.6. Accumulated growing degree hours for all varieties and 
harvests, recorded at Santaquin, Utah for Brigham Young University 
farm. 
------------------------------------------------------------------------
DATE FCD AGDH lHVT AGDH 2HVT AGDH 3HVT AGDH 4HVT AGDH 
















































































































































26 268 7354 6313 
May 17 269 7379 6338 
.. 
------------------------------------------------------------------------
FCD = fruit calender day; AGDH = accumulated growing degree hours; HVT = 
harvest; 1-4 = first through fourth harvests. 
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Table D.6. (cont.). AGDH at Santaquin, Utah for all alfalfa varieties. 
------------------------------------------------------------------------
DATE FCD AGDH lHVT AGDH 2HVT AGDH 3HVT AGDH 4HVT AGDH 
------------------------------------------------------------------------May 213 270 7445 6404 
29 271 7496 6455 
30 272 7607 6566 
May 31 273 7811 6770 
~1un 1 274 8033 6992 
2 275 8128 7087 
" 276 8268 7227 --· 
4 277 8475 7434 
5 278 8689 7648 
6 279 8951 7910 
7 280 9196 8155 245 
8 281 9442 8401 491 
9 282 9671 8630 720 
10 283 9928 8887 977 
1 1 284 10173 9132 1 --:,--,--, ·---
12 285 1(>383 9342 1432 
13 286 10604 9563 l.653 
14 287 10844 9803 1893 
15 288 11071 10030 2120 
16 289 11317 10276 2366 
17 290 11564 1052:::o 2613 
18 29 -1 11813 10772 2862 
19 292 12032 10991 3081 
20 293 12285 11244 3334 
21 294 1.2525 114 -84 3574 
22 295 12732 11691 3781 ,.,.~ 
•-·-' 296 12921 11880 3970 
24 297 13150 12109 4199 
~i:::-
...:. "'.I 298 l.3397 12356 4446 
26 299 13635 12594 4684 
27 300 13860 12819 4909 
28 301 14079 1---0 .,::,() .. ) : 5128 
29 302 14347 13306 5:391., 
,Jun 30 3(>3 14597 13556 5646 
.Jul 1 304 14807 13766 5856 
2 3<)5 15039 13998 6088 
-:r -· 306 1 ~:i250 14209 6299 
4 307 15496 14455 6545 
c::-
d 308 15739 14698 6788 
6 309 15953 14912 7002 
7 310 16181 15140 7230 
8 311 16432 15391 7481 
9 312 16653 15612 7702 
10 313 16874 15833 7923 
11 314 17151 16110 0200 
12 315 17373 16332 8422 
Jul 13 316 17591 16550 0640 
------------------------------------------------------------------------
FCD = fruit calender day; AGDH = accumulated growing degree hours; HVT =
harvest; 1-4 = first through fourth harvests. 
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Table 0.6. (cont.). AGDH at Santaquin, Utah for all alfalfa varieties. 






























































































































25 359 27652 
26 360 27799 
27 361' 27989 
28 362 28218 












































































































































FCD = fruit calender day; AGDH = accumulated growing degree hours; HVT = 
harvest; 1-4 = first through fourth harvests. 
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Table 0.6. (cont.). AGDH at Santaquin, Utah for all alfalfa varieties. 
------------------------------------------------------------------------
DATE FCD AGDH lHVT AGDH 2HVT AGDH 3HVT AGDH 4HVT AGDH 
------------------------------------------------------------------------Aug 30 364 28717 
Aug 31 365 28958 
Sep 1 366 29176 
2 367 29393 
3 368 29607 
4 369 29881 
5 370 30085 
6 371. 30269 
7 372 30 476 
fl 373 ~::-0726 
9 ::::,74 30939 
10 375 311.54 
11. 376 31351 
12 377 315 60 
13 378 ::::-1784 
14 379 319 43 
15 38<) 32(>82 
16 381 32280 
1 7 382 32'-1-08 
18 383 32506 
19 38'-I- 32660 
20 385 32825 
21 386 32995 
22 387 33182 
23 388 33396 
24 389 33608 
25 39( ) 33843 
26 391 34086 
27 392 34281 
28 393 34359 
29 394 34439 

































































































































FCD = fruit calender day; AGDH = accumulated growing degree hours; HVT = 
harvest; 1-4 = first through fourth harvests. 
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Appendix E. Glossary 
ADF: Acid detergent Fiber 
AGDH: Accumulated growing degree hours. 
ASYMCUR: Asymmetric curvealinear model. 
CP: Crude protein. 
OM: Dry matter as a percentage related to moisture content. 
Early Bud: A morphological growth stage characterized by immature buds 
at the apex of and alfalfa shoot without elongated peduncles. 
FCD: Fruit calender day is a consecutive numbering system similar 
to the Julian system, except beginning September 1. 
GOH: Growing degree hours calculated daily .. 
ha: Hectare. 
ha-1: Per hectare. 
Mg: Megagrams (106 g). 
Midbud: A morphological growth stage characterized by elongated 
peduncles at second and third axillary bud positions from the 
apex of an alfalfa shoot. 
NIRS: Near infrared reflectance spectroscopy. 
Peduncle: A stalk supporting the inflorescence or cluster of flowers. 
Pedicel: A stalk supporting a single flower. 
STG: Morphological growth stage. 
Invitro: In glass. 
Invivo: In animal. 
YLD: Yield of dry material per unit area. 
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